ZENA Ad st 


Cup ht 


RE ave tas brie 
0, ahs HF a 
aN aye 
ia) NelsahaltnSalbelisihg te aire tas Pe Mita iaton 
; TRIEN NOSE ON AK AS ZE a elec ag tare Wry then Phe 
Bera piivns MAG a Mae kd ned > Vigan a en 
SW O NNER HAT RAM let Goit ap ralpas Midererie 
} 4 VPN ER DTM abt Renatviaitnn yu teaonet 
ie SPEEA bola On Re aeN HA LIL 
bu Urabe a bea Knute PSV Ma Decale) 
eee mah shen 
| oe aM aivarbrss nity Pn 
DANG W oben tell ser) . 


SAW EA tober lca 


tour 
exes Aina ns 


For Reference 


Wo Hay 


Maing 


He OolriKennw 


rae givens 
IS Pl 


V9 omipan 


Ree eine 
Sry 


2 = 8=86NOT TO BE TAKEN FROM THIS ROOM tee pete 


ah abst 
MN sisita inde top 
fayite 


neni oh 
Ae eet 


dina velon pees 

WIN af hot i agi an buted Wis tng 
DNS Vem yy aioe dus Utne EL i geet oun p ery EL 
s0atlaN tes ute Sa nlp arate eae ain sknlegie ccna mt 
thar § fevers 


UP Aya sf oay at 
(hb eae < 


irayanis 


bseetsitee 
Py aieetin 
‘ Veh sig baied 
His anacab ap ihe eae kaandie 


Ae alii mer ty 
Dilsrap eee 
5-10 gh 6 


REASKE icisiin Geek 


AoA ey nary 


Cien 
ville 


Ue 
Kade veniposih 


eye ae 
Palate a rth atihata yyy Roses 
We aieart aitrihgawiel ie 

enahaks 


Perera 
Dr ore aes Mie vea 
Viifaushenadenaiar ra 
WaUdspnen abe : 
Sai mA WN cle MT tay 

Ain ubaieakeaiPirs 
Uaitaleadh deus 
Pen 
S670 ste 


Leta erie 
“Sreest aided 


Av pif 


rs eiaes sheapaa bats 
SALE RANA tal ol steed el tae baat aun ita kag et WA Wai -aitnc tek 

hase AEN Bre INGLE LCA MM iy tri { Paha wdrine vito kang 
eli tepeboe Ho Hat pi aaa ar 
Aah agains d Ns atk 


ain 


Pela cers Rey 


Drwemiie 
Minh Ta ea 
Sad Ne Ree Mt speed 
epi aG arses 
eeeapene 
she te 3 
cute 
WIP we aetna 
ines ven 


ley 


sfohalte es 
GIANG ah tS a ag 


Palap cing: 
Waits belaley egos 


Rive ey at 


+ ', , ¥) Nytet 

Naini N PN 9 a Wad wiv chn aap ioe Riek. 

ais 4 Heihaitauetieae )yteaayn f ies 
aut) Heat hattans| WW ate AMAR ATEAR Sal eteR an Praha wae, 

eal hiWdsralecwii pevane ny em cM meg tteas heb NEM edited oa a 

ae e NebablGaes pie Tad aNth easy ant yl by eaeetel 

Peipsopven ety Waauit tal akin Woh tk airelga gs way he 
sive estal Iaetksr dient ap-arent 0 Fal ks 


ahetgi 
Aeall ates e teen eee 

sik ae are dmeeg tases 
(edna aieeate 
eae Brice cl 


Aha wane 


raemtenat Nee akan dl abi H xk 


Panne a aallati aowuheceaet 


WIN Ny Meta eip ec beare 
Cait =i sAcloatt 


AV aha Wairs tai 


ayes NWR 9 
Paty iE Pe eT oR HN 


N20 eh. Adee 
Mata Ye ies oa eae 
Eten i asain 
Miwa Sih eva Peraer yes cs 
ay Anaad ae ag ier Aine hoa 
RG Botte SICWUHIRA Grae ir 


WetneRe Reade 
Fite oiha eva is 
Bead Wniteta tai x 
ODE, pee! 
ARE aviv agile ny Re 
eV aan katie 
sit Oaieey 


Atha sti Wea 
4 Aa Marre ialiay 
rae I Reman ph 
eee 
fhavisnts 


Taree Ona 


Pent 


Wea UT 


ey. a Wate 


Mae O RT Sehy 
ANERY Lat agri es he 


PeRane vi? i Sr aaa take 
NE Ghhiee Let: FACE Ns i 


i iad 
S! RE Pt RE te Ar ie bo abe 
Repakt SC Nam alas Jib kePee aba engea te 
: ART AeA PUAC ara emed Manne ets 
a atc yrs Laan rte gmaceniKes 
Reaenee Taste ? 


Niadeon Wy tints Pelvct ngs time oae 
hag hh k A 
ete NSU oo Lu ia FN Gah s TEA WVailatione ny 
TENN FAG RUNES haliat 


baal’ 


rs 


. RR Hb yma sibawuiearnn fala 

LR Ts = na Wi ‘ Rs 
ibaa dah dread sub Niniigtnteraiuieaeta tReet at gl stank ys WAN AinW pike sem 
bw % RR a 


SH A RIV) 86 cata 
Kama Winn Glaih 


ars i¥A 
ae icy 


Neale 


Temes 
Ranity bod 


xiv aivaivale 
Faz p 


Salonen eg pgaie 
Kuo Waray 
NAL TR 


reat Dalen 


(ky 


Pet ecco oni bp 


Che sone 


Gx wpnis 
UNIOKASTTATIS 
AW BERTAEASIS 


ana) eae 
; i ; shits Bais y hie 
Secs ah sr 


THE UNIVERSITY OF ALBERTA 


THE EFFECTS OF CONTINUOUS AND INTERMITTENT TRAINING UPON 
ATP, PC, CPK, AK AND "M" AND "H" LDH IN SKELETAL MUSCLE, 
HEART AND LIVER OF THE RAT 


by 


(65) LUC ALBERT LEGER 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF DOCTOR OF PHILOSOPHY 
DEPARTMENT OF PHYSICAL EDUCATION 


EDMONTON, ALBERTA 


FALL 1978 


Digitized by the Internet Archive 
in 2023 with funding trom 
University of Alberta Library 


https://archive.org/details/Leger1978_ 0 


- ABSTRACT 


The purpose of the present study was to investigate 
the effects of sprint and endurance training upon enzymes 
associated with anaerobic glycolysis and high energy 
compound metabolism in rat tissue. Thirty rats were 
randomly assigned to either sedentary, sprint training 
or endurance training group. Sprint training consisted 
of 10 x 1 min run/4 min relief at 70m/min, 8% slope, 

5 days/week for 6 months and endurance training, 45 min 
at 31 m/min, 8% slope, 5 days/week for 6 months. Both 
training regimens resulted in a decreased activity of LDH, 
M-LDH and CPK in the fast twitch gastrocnemius, plantaris 
and tibialis anterior muscles without altering AK activity 
and» PG -etores. © In. the: heart. .and slow, twitch. solens, LDH, 
M-LDH, CPK and AK activities as well as PC stores were 
unchanged ae a result of chronic exercise. No LDH, CPK 
and AK changes were present in the liver. Both training 
programs reduced the body weight gain and increased the 
relative weight of the heart and skeletal muscles. All 
enzymes and metabolites of heart, liver and slow and fast 
twitch muscles are affected in a similar manner by sprint 
and endurance training in the laboratory rat. Sprint 
training in these animals is presently very empirical and 


requires further investigation. 


iv 


Leon | : 1 ; ' 
1 4) Di) Lye . / ; - 
4) »\ ie : : 
: ian ; 
y - ai 
¥ i 
y) { * ti 
t ' i put 
we Vi if 
' iy) # _ aie 
7 wary J - a a 
” u a : 
_ 3 


staaltasvnt oe ew stir deinen hae Ra: exe 
acy sne ale sisteilaont -esnita! Si Ets tebe oe are 
Veronese Aatt: brs ater Le deta : okionseng “ae 
ousw ate rte? nqieett ae, nt wer het ont 


enataiast tnbide Vite nebes telirs ecenen 


Sethi gos Bnitiem daleqo, «Ose ate key 


HOY Yo VstVIisos bassendeb es’ ct batts jae ae 


¥¢,7.> " ~ a ee 7 ‘ 
’ see ~ ’ i] ¥ em ee a oe me fil fd Am 
wr hoe 14 ele OS ios Wo WOE ris 3.5 a 70) i fT. 


- rors OF (es) Liaw sae carrey 
IO. 9 Hi 35 {Stake a he G. g 


Vids She rs irauss { oiean ae 
SAT Passo i DAS Bee ee aM. od “add eee 


[A wana font Len igi tee dies oi, Bes: 


a8t Pre. woiis SAB sey ts pers Ate mead 5 
i]  @ a) 


faiige TET ots mhgak sis 3 


Die <9 


ACKNOWLEDGMENTS 


I wish to sincerely thank my advisors Dr. R.G. Glass- 
ford, Dr. A.W. Taylor and Dr. H. Wenger, and the members 
of my committee, Dr. B. Kratochvil, Dr. S. Mendryk and 
Dr. J. Russel for their euidenes and assistance in the 


completion of this thesis. 


Tewould,also like; to: thank, Dr. R.J.. Barnard (Universi-— 
ty of California at Los Angeles) who served as external 


examiner. 


IT wouldelikertolthank: Prof, A..Sheedy and DrieG:. Lari- 
viere (University of Montreal), both directors of the 
Physical Education Department at one time or another, who 


facilitated my teaching load so I could complete this work. 


Appreciation is extended to Dr. A. Imbach and 

Dr. J. Leduc (University of Montreal, Medical School) for 
the use of their laboratory facilities. J would also like 
to thank Dr. R. Gianetto and R. Chassé (University of 
Montreal, Biochemistry Department) who helped me to seta 
gel electrophoretical method for LDH and Axelle Charlot 
who patiently did the enzyme analyses. I would further 
like to thank Dr. R. Cléroux (University of Montreal, 
Mathematics and Statistics Department) for counseling and 


help in running the computerized statistical analyses. 


Finally, I would like to express my love to my wife 


Carole who patiently waited for the end of this adventure. 


Vv 


~eoe ie nae e. pidalriz ‘ot fet nag 
Fo Sine aut bere one W a 4) ne 


hiss ten “emt Gly fe ola oe 


seVinl) Diertes .G08, (eC sie ot ia ae 


ty he 


y ee = a 
2 4 acd Mo birt Yeo si oh Let 
, = Ps nn 


OW” Ss 1) Onis ie 54 as. any te fosms ayet! eed 


Tow elm avalgens otyos I 08 beol-ant =/tD 


Dae toed «Ane ae st Sora . 
Tot (Looiem daokball , DeeathoMito \ exawstith | “a 


gail eae bheow I ere its tala’ 
To Ytletoviaw) Semeto bos ones Lhe ahs 

ae Ny ) die 

& h6e. oF Su weqiod a Coz Boat Saec apdelitan ae 


PobimaD: oligwa hall wid) ee.) 'B te age 
seckoe’s er . » eileen. dc . x9, ye 


TABLE OF CONTENTS 


CHAPTER 
I STATEMENT OF THE PROBLEM ...... 
in troduetion® +t Yay ee Sk ens 
Justif£ieation for’ the’Study’ % 
Ene ProuUMen- sf St ee ee Cees 


Limitations and Delimitations of the 


study e 6 e ® e e e s e e e ® e e 6 
tet Peveewnor Tin: DITERATURE. cc) soe eueel ue 
tactate Dehydrogenase®™ ... «ns 6 


REUve Exercise and. EDHa. «08 sot. 
Gnronicyixercise and) LOH «ow. 
Metabolism of High Energy Compounds 
Adenosine Triphosphate and 
Phospnorylcreatiners.uiests sous Ge 
Creatine Phosphokinase .... 
Adenylate Kinase yieltess «us 
Pr METHODS “AND PROCEDURES: 2). ei ts: sous “eis 
/ Welt (ite el Baier MPO oy VN randy ele aee nyg 
eveslb ec ee eR OE) a oe Wee er A 
Dependant Variables .....«.s -« 
Sampling Procedures: —s << os 4s «42 s 
Minalyiical Methods 00. won mee 


Sap ie tical. NO CROUSe aealtel acute Miebereoks 


PAGE 


“yous oxy pd eevee set 
Of any wy is!) 9 od ee eee ee plored eet, Be: 
| eh to sented tds evar ath | ha 
Shiv, Like cw + RR RREES ake vO, ‘ rt 
oe ae nemmegontysiot svar ant: 7 
OR ee vate bol futs.' ondsea oti, , . 
sto, 40 4% HOD Whe Sekine ns brebresit) > —- 
oa aT inwogitod erent: Healt “re eatatahite alt At) 


: ay bas oven e? an = 
Md “ . valine bared ne a 


j 
: 
, 


| OF ‘ ‘ » ‘ ' * * ° ‘ +. * . . a . * 


& 


ae a. ei 


ae) 


CHAPTER 
DEPP RESULTS. «|. ulin Wau een 
The Effects of Chronic Exerc@se 1. + 
BOGYeWEient so eoctet- et ed eee ee 
OV2an WelSNtS “soc ce) te. vente cee eee 


Adenosine Triphosphate and Phospho- 
PVC VOAUITIC et yt = en me owe ane 


Creatinephosphokinase and Adenylate 


RONTIAS OlM. 5 Hows otc ee ate eee noes 
Lactate “Dehydrogenase: 1) 3 6 ss 
OmeaneCOMDAT US OF! a 4.0 uote. tod geet one emis ar ees 


Adenosine Triphosphate and Phospho- 
TELCOS LIVEN ec: ass yee eet er ecet aimee ess 


Creatinephosphokinase and Adenylate 


Kinase e e e e e r) e e e e e ee ° 
Lactate Dehydrogenase ..... . 
V DISCUSSION e s s e e e e e e e e e e s e 


Differences Between Selected Muscles 


and 


The 


Liver 6 .& e e e e e e e ° e e e e 
Lactate Dehydrogenase in Various 


Tissues e . e oe e e e e e ° e ° ° 


Creatine Phosphokinase and Adenylate 


Kinase in Various Tissues .. 
Adenosine Triphosphate and Phospho- 
rylcreatine in Various Tissues . . 
Chronic Effects of Exercise sdtett 
Body and Organ Weights ..... .» 
Lactate Dehydrogenase Adaptation 
tOu.Chronic Hyercise °c. ss 


aa 


oS 


25 


100 


lane op” nn view 


es ) afd+ex 


rege ue 
4 4 « . . ? ® * 
wen 
> * « * @ s « 
bh ‘ 
? Te Fy a 
- PT Gti d bed bine 
% 
4 8 * | ® 
’ 
, ry 
‘ 
b * * ‘ - . 
. . * * 
¢ » . rn ’ 
et 
, bY 
a 
‘ * ’ 
- { 
¥) 
= ’ @ ‘ J 
< ) 
. ° ; 
. * . 
s. 
£ 
} 2 Pid 
¢ P 
° 4 4 4 e ‘ 
rf ‘ 4 
mY i 
“i 
oH 
b 
J] * s 


’ 
. 
ody 
* 
& 
‘ 
‘ 
" 
c 
8 
Pag) fF 
oo 
? 


Ss 25neSor byt acl 


yy 2 , a A ue i a? es 
searitoncaqdt otek See 


“OE: or xt hae 


{ 
. - he 7 
= _—" 
f Tae Ay. 
. . . + Wy That eo 3 
\ ; i 
~ & tek 
~ f ' ry cy 
a ry . ) Les. * b Me 
j a , Ld ar * 
oy ye 7 
wut aft! A : 
= | 
i 
nag “ 
i% ph 
pe 
sy 
ae 
r 
‘ rai 
* oF | re 
" a 
t V4 ) 
“— h te 
‘ e 4 » 0 he Pika 
, Jt a" 
a - 7 - 
‘ 
t 
4 ? « * 5 0 * LL» 
si tanh ie he . ry 
ah ee me ies ae 
aay 
‘ * ‘ , 
oe Eee, eA5: ul Chae 
r aes Pe Yee P| 
LSGafS Wren one oqat rf 
ut : eB! : 
rt 


a eee ae ¥ « 


ives 


Le 7 a ve ie 
i? : 
bs \ 
i 
ov 
i 


CHAPTER 


Metabolism of High Energy Compounds 
andy Cnron?c Exerc woo a. 7, ae nee ec 
The Effect of Chronic Exercise on 


Anaerobic Variables in Rat Tissues 


VI SUMMARY@AND CONCLUSIONS... 0.1.05 « 


Summary a. apni 6, FACIRAee a ee, 
COnCIUSTONS S21. See Ae, Sees Fe, 
KEK 7 
BRBLIOGRMPHEUNS. Poles of. bes Grgma ie, the: 
APPENDICES 
A; oo LDhReplectrophoresisa -.%. UTR 20, Gne, . 
B. Body Weight Progress for Training Groups 
ee We Gs un! 60 Soil ete SNe cledietin wonMes a, 6 
D. Training Group Comparisons for Each 
Dependant Variable and Tissue: One Way 
Analyses of Variance and Other Related 
SPAELSELCS as eric eye eee Rae cs oe taumen 6 
E. Organ Comparisons for Each Dependant 
Variable on Combined Data from All Train- 
ing Groups: One Way Analyses of Variance 
andvOther sRelated#Stat@stics ie. . 2 .. 
F. Training Group and Organ Comparisons for 
Each Dependant Variable: Two Way Analyses 
of Variance and Other Related Statistics 
G. Chem cate Used “in the Study 1. ere, 


viii 


PAGE 


120 
22 
22 
124 


125 


156 
161 
163 


ee 


196 


eid 
226 


ear 


4 

« 

’ 

. 

| 
ae 
a 


4 
A) 8 
, ‘ 
* 5 
, 
ary 
be 


" 
a 


a Ay ae 


nebiag a] 


44 “4 
9 aA os 
t ~ 
iv 
‘ 
; ¥ 
# : : ‘ : Re 
= 
4% * 
’ 4 * ' 
. 
i 7. ti 


a one Sino roe De 


ee ee ee . : evch * tae 


ii 


Hogi) et no fi 


‘ade, 149% ¥ arte on 


iy -_ 


aes San at) 


TABLE 


10. 


ss hae 


es 


LIST OF TABLES 


Abbreviations, Symbols and Definitions 


Effects of Substrate and Coenzyme 
Concentrations on H-LDH in Aerobic 
Tissues 


Listing of Dependent Variables 


Final Body Weight for the Different 
Training Groups: Means, Standard 
Deviations, ANOVA F Ratio and 
scherfée's Contrasts 


Absolute Weight of the Organs in the 
Different Training Groups: Means, 
Standard Deviations and ANOVA F Ratios 


Relative Weight of the Organs in the 
Different Training Groups: Means, 


Standard Deviations, ANOVA F Ratios 


and Scheffé‘'s Contrasts 


ATP for Each Organ in the Different 
Training Groups: Means, Standard ~ 
Deviations, ANOVA F Ratios and 


mocheiice 's Contrasts 


PC for Each Organ in the Different 
Training Groups: Means, Standard 
Deviations and ANOVA F Ratios 


ATP + PC for Each Organ in the Differ- 
ent Training Groups: Means, Standard 
Deviations and ANOVA F Ratios 


CPK for Each Organ in the Different 
Training Groups: Means, Standard 
Deviations, ANOVA F Ratios and 
Scheffé's Contrasts 


AK for Each Organ in the Different 
Training Groups: Means, Standard 


Deviations and ANOVA F Ratios 


LDH21 for Each Organ in the Differ- 
ent Training Groups: Means, Standard 
Deviations, ANOVA F Ratios and 
Scheffé's Contrasts 


“es 


PAGE 


> a li 


20 
op) 


(2 


i 


76 


79 


80 


81 


82 


83 


84 


he : F be Wang a weet 
I : 7 i Ly 
' van a5 aK m8 eth 
bd Py ne ' 
; ma 
f Pe oO bas ato ff 
: : ; . ar 
vy o r Rhu! cineca "a a): EV Fontes ; +! 1 : 
toA ‘rh Abney ends eats ono e 


ins 


ec of p ) on me | ath et" ) ; . 


pi = 

A 7 be | gg? Le ee ir 
VY Tae shits £0) Ges al, ry 

: 2 Rp ORS Phe ‘Gane Sisal. 
Te eee rc yx ) Bre ES 1 TES OO, ie a 
bite CORBA ae MA EN if 

; chee ng Py eh F a? 4 bed 
o 75 idee a artes hy 


i’ 


cf) Erie! eile Ro Penden eit Doras 
4 ie ate ite hy per PB Bs ie it Fp i Ba kit 
Bp A enol se Dye@ a . 
URI Ot ae Tas ta ‘By 
artes i: ee perl ioee hy hee 
ve Do Ae na of an rane Nal vent: bate 
Pen Eye hh ke 
te ants ‘th pee: fi ak ie <<) 
D7 SOFT G aes BST hing Cais wet 
DAB ag Bei > “byo WA) a Lo 

ir < aie ee, sais ay “oa4 


i= ; 
Te ee oe 


. ; 7 i Pat Pah 

irs he Tbehtiatt pees sth" thse 
i » yee papa) 4G ot Seq : ‘i 
68 it sa Ope OS 


‘ n° 9 EE ag “hae ai {pees lie nS " 
ae Wwe Vaan ete ir 
eee 856) e,  eceom Faquon® 3 


j 


te (foe: Bosaar * a AN OEM bree “on 

ae nie site ori it (re het 
ae ae Be ROR So Ray ts pee 
. , hee ae. 4 a 


TABLE 
135 


14. 


15. 


16 


1/7 


18. 


19. 


20. 


a 


22. 


LDH3 for Each Organ in the Different 
Training Groups: Means, Standard 
Deviations, ANOVA F Ratios and 
Scheffé's Contrasts 


LDH21/LDH3 for Each Organ in the 
Different Training Groups: Means, 
Standard Deviations, M-LDH (%) and 
ANOVA F Ratios 


M-LDH for Each Organ in the Different 
Training Groups: Means, Standard 
Deviations, ANOVA F Ratios and 
Scheffé's Contrasts 


H-LDH for Each Organ in the Different 
Training Groups: Means, Standard 
Deviations and ANOVA F Ratios 


Total LDH for Each Organ in the 
Different Training Groups: Means, 
Standard Deviations and ANOVA F 


. Ratios 


Weights, Metabolite Concentrations ‘and 
Enzyme Activities in the Different 
Organs: Means and Standard Deviations 
from:Combined Data for All Training . 
Groups | 


Weights, Metabolite Concentrations and 
Enzyme Activities in the Different 
Organs: Scheffé's Contrasts from 
Combined Data for All Training Groups 


Literature Values of Fiber Type 
Composition of Selected Rat Skeletal 


Muscles 


Optimal Pyruvate Concentrations for 
My and Hy LDH in the Rat 


Body Weight Progress for Training 
Groups: Means and Standard Deviations 


PAGE 


85 


86 


87 


88 


89 


90 


OL 


94 


to? 


162 


FIGURE 


LIST OF FIGURES 


Control Mechanisms of Muscular 
Contraction 


General Pattern of LDH Isoenzymes 


Overhead Dimensions of Copper Blocks 
Used in Freezing Tissues 


Percentage of H-LDH and M-LDH from 


the LDH, ,/ 1D, Ratio 


Rat Body Weight Gain with Age and 
Training 


Optimal Pyruvate Concentrations for 
M-LDH and H-LDH in Rat Tissue 


xi 


PAGE 


60 


68 


74 


160 


-— 


ve y - 
ee 
ar 


- (oe < 
tl 6S 


: ; F 
400M ween 
1 Syaiee.s 


othe 


LIST OF PLATES 


PLATE © PAGE 
a Modified Vise-Grip Pliers with 
Copper Block Used in Freezing Tissue 
in Situ 5c 


Zs LDH Isoenzyme Separation with 
Polyacrylamide Gel Electrophoresis 158 


xii 


TABLE 1 


ADP 


Aerobic 
energy 


AK 
AMP 


Anaerobic 
energy 


ATP 


ATPase 


Cer 
CPK 


Fiber types 


FG 
FOG 


FT 


LDH 


Abbreviations, Symbols and Definitions 


adenosine-5-diphosphate 


energy metabolized via the citric acid cycle, 
Oo being the final electron carrier 


adenylate kinase or ATP:AMP phosphotrans- 
ferase (EC 2.7.4.3) or myokinase 


adenosine-5-monophosphate 


energy metabolized without Oo via the adenylate 
kinase, the creatine phosphokinase and the 
lactate dehydrogenase reactions as well as the 
use of the ATP stores 


adenosine-5-triphosphate 
ATP phosphohydrolase (EC 3.6.1.3) 
continuous training group 


creatine phosphokinase or creatine kinase or 
ATP: creatine phosphotransterase (EC 2.7.3.2) 


The muscle fiber type classification used in 
this study is that of Edington and Edgerton 
(1076).. Theresare three types of muscle fibers 
inutheimatiwleactaowatchre |yoolyri1en FC) setach— 
twitch high-oxidative glycolytic (FOG) and 
slow-twitch oxidative (SO). Fast and slow- 
twitch (FT and ST) are also used to designate 
muscle fibers without making any inference to 
their metabolic state. FI ands? are aiso used 
to identify muscles predominantly composed of 
PT and ST fibers. 


fast twitch glycolytic or fast twitch white 
(see also fiber types) 


fast twitch high oxidative glycolytic or fast 
twitch red (see also fiber types) 


fast twitch or type II (see also fiber types) 


lactate dehydrogenase or total LDH activity or 
L-lactate: NAD oxidoreductase (EC 1.1.1.27) 
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TABLE: 1 


High energy 
compounds 

H-LDH 

HK 


Tgr 
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PA 
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LDH activity“ataPAcs 
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muscle type monomer of LDH or LDH activity due 
solely to muscle type monomers 


nicotinamide-adenine dinucleotide 
nicotinamide-adenine dinucleotide, reduced 
nicotinamide-adenine dinucleotide phosphate 


nicotinamide-adenine dinucleotide phosphate, 
reduced 


gastrocnemius medialis 

D-glucose-6-phosphate 

glucose-6-phosphate dehydrogenase or 
D-glucose-6-phosphate: NADP oxidoreductose 
CHG a Lali Li Os) 

ATP + ° PC 

heart type monomer of LDH or LDH activity due 


solely to heart type monomers 


hexokinase or ATP: D-hexose-6-phosphotrans- 
ferase %EOr2 a7 la) 


intermittent training group 

international unit for enzyme activity 

( = amount of enzyme which convert 1 micromole 
of substrate per minute under specific con- 
ditions, optimal ionic strength of the buffer, 
optimal pH, wave length) 

number of rats per group 

planvaris or provabilivy level 


pyruvate (pyruvic acid) 
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TABLE . 1 (Continued) 


PC N-phosphorylcreatine (creatine phosphate or 
Phosphocreatine) 

ide | phosphorylase or a-1,4-glucan: orthophosphate 
glucosyltransferase (EC 2.4.1.1) 

PK Pyruvate kinase or ATP: phosphorylase 
phosphotransferase (EC 2.7.1.40) 

PFK Phosphofructokinase or ATP: D-fructose-6- 
phosphate l-phosphotransferase (EC 2.7.1.11) 

S soleus 

Sgr sedentary group 

SO | slow-twitch oxidative muscle fiber or slow 
twitch intermediate (see also fiber types) 

oT slow twitch or type I (see also fiber types) 

TA | tibialis anterior 

vO,max maximal oxygen uptake 

Wee absolute weight 

reg regressed weight 
Wrel relative weight (i.e. organ weight to body 


weight ratio) 
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CHAPTER I. 
STATEMENT OF THE PROBLEM 


Introduction 

Muscular contraction is a ma jor element of sport 
performance. Physical, itraining is,carried out) inorder 
to improve the various mechanisms that control muscular 
contraction and hence, sport performance. The present 
study deals with one aspect of muscular performance, 
namely, anaerobic metabolism and some of its related 
components: ATP*, phosphorylcreatine (PC), adenylate 
kinase (AK, E.C. 2.7.4:3), ceréatinephnospnokinase; (CPK, E.C. 
2.7.3.2) and lactate dehydrogenase (LDH, E.C. aly lea). 


(Figure 1) 


Muscular contraction depends on the interaction of 
the myofibrillar proteins: actin, myosin, troponin and 
tropomyosin. Contraction is initiated by nervous depolar- 
ization via the T tubule system which results in the 
liberation of the Ca’* from the sacroplasmic reticulum, 
which in turn makes it possible for the myofibrillar 
proteins to react with ATP (Ashley, 1971; Fabiato and 


Fabiato, 1977; Margreth et al., 1973; Porter and Franzini- 


Armstrong, 1965). 


* All abbreviations, symbols and definitions used in this 
study are explicated in Table 1 (p. xiii). 
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There are two distinct forms of myosin with different 
myofibrillar ATPase activities (Samaha et al., 1970; 
Ssreter et al., 1966) ana Ore cane properties (Barany, 
1967; Barnard et al., 1970 b and 1971: Close, 1972). Some 
authors (Barnard et al., 1970 a and 1971; Close, 1972; 

Edstrom and Nystrom, 1969; Engel, 1974; Muller, 1974; 

Peter, 1970) have used these properties to classify skele- 
tal muscle fibers into two main groups: slow twitch (ST) 
or-type I fibers with low ATPase activity and fast twitch 
(FT) or type II fibers with high myofibrillar ATPase 
activity. The recruitment of these fibers might be specific 
to the nature of the exercise training (Edington and 


Edgerton, 1976). 


Muscular contraction is finally dependent on the 
availability of ATP. As ATP stores in the muscle are very 
limited, the resynthesis of ATP is obviously another 
important factor related to muscle performance. A small 
amount of ATP can be d. PUP erated immediately from either 
phosphorylcreatine and ADP in the presence of creatine- 
phosphokinase (CPK, E.C. 2.7.3.2) or from ADP in the presence 
of myokinase or adenylate kinase (AK, E.C. 2.7.4.3). As 
for ATP, the stores of PC and ADP are limited and, for more 
prolonged work, ATP resynthesis must occur via other 
metabolic pathways: anaerobic glycolysis and oxidative 
metabolism. In the final step, anaerobic glycolysis is 


characterised by the reduction of pyruvate into lactate 
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with NADH being oxidized to NAD*. Although ATP resynthesis 
is very fast via this pathway; lactate accumulates and this 
has been associated with early local muscular fatigue 
(Ferris, 1969; Hermansen and Osnes, 1972; Keul, 1973; 
Margaria, 1972; Osnes and Hermansen, 1972; Wenger and Reed, 
1976). Nevertheless, in sports such as wrestling, hockey 
and long sprint races, anaerobic glycolysis is the main 
energy production pathway (Astrand and Rodahl, 1970; Keul 
Bical, l97e) 


The pyruvate to lactate reaction is catalysed and may 
be regulated by lactate dehydrogenase (LDH, E.C. 1.1.1.27). 
LDH is composed of two subunits: a muscle specific (M) 
and a heart specific (H) type, which are combined in a 
tetramer molecule giving five isozymes (Hy, HM, HoM,s HM, , 
M,, ) with different properties (Cahn et al., 1962; Dawson 
ein ale» ToGu Dietz and Lubrano, 1967; Everse and Kaplan, 
1970 and 1973; Kaplan, 1960-1962; Plageman et al., 1960a 
and b; Stambaught and Post, 1966a and b). M - LDH favours 
the reduction of pyruvate whereas H - LDH favours the 


Oxidations»of: Lactate. 


Finally, the ATP resynthesis can-occur via the oxi- 
dation of fat or carbohydrate as acetyl CoA via the citrate 
cycle and the electron transport chain. The aerobic energy 
production is the common energy source for most cellular 
activities in mammalian peer, including those affected 


by physical exercises of low to moderate intensities. 
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Justification for the Study 

Most physical activities can be grossly classified as 
one of the two following types: 

1. High intensity, short duration or anaerobic* 

2. Low to moderate intensity, long duration or 

aerobic 

Sport performance is usually based on either one or both of 
these types of exercise. Therefore the importance of 
understanding the possible mechanisms of adaptations in 


either type of performance is obvious. 


Adaptations to aerobic exercise are well documented. 
Maximal oxygen uptake (Astrand and Rodahl, 1970; Karlsson 
et Ale altars Saltin et.ale, 1963) maximal cardiac output 
(Eb lom et al... 1968;.Saltin et.al., toga eens the ac- 
tivities of certain oxidative enzymes (Baldwin et al., 1972; 
Barnard and Peter, 1971; Benzi et al., 1975; Fitts et al., 
1975; Gollnick et al., 1969, °1970; Holloszy, 1967 and 1971) 
are all increased teh prolonged exercise training executed 
at an intensity of greater than 50% of the maximal oxygen 
uptake. Cardiovascular adjustments (Bevegard and Shepherd, 


1967; Dempsey and’Rankin, 1967; Rowell, 1969, 1974) and 


* Anaerobic exercises are those based on ATP synthesis 
that do not use 02 as the final electron carrier. In 
other words, the anaerobic metabolism includes the 
adenylate kinase, the creatine phosphokinase and the 
lactate dehydrogenase reactions as well as the ATP already 
stored and ready to be used by the muscle. 
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substrate mobilization and/or interaction (Ahlborg, 1967; 
Felig and Wahren, 1975; Fredholm, 1970; Horstman et al., 
1971; Issekutz et al., 1966; Jorfeldt, 1971; Jorfeldt and 
Wahren, 1970; Pruett, 1970; Wahren, 1970; Weil et al., 1965) 


in acute exercise are also well described in the literature. 


On the other hand, adaptation to anaerobic exercise 
and/or adaptation of the anaerobic parameters to exercise 
is less well documented. With the exception of blood 
lactate response (Issekutz et al., 1965, 1966; Jorfeldt, 
1971; Margaria et al., 1933, 1968, 1972), and plasma enzyme 
response to exercise (Bloor, 1969; Doty et al., 1971; Fowler 
et al., 1962, 1968; Garbus et al., 1964; Haralambie, 1972; 
Hunter et al., 1971; Papadopoulos et al., 1968; Raven et al., 
(1970; Rose et al., 1970a and b), few studies on the 
adaptation of anaerobic parameters to exercise, particularly 


those using anaerobic exercise, exist. 


Glycogen stores have been shown to restrict long 
lasting muscular effort (Hultman, 1967; Piehl, 1974; Saltin 
et tal, 591973; Taylor’et aiv,c197h)e YAspeciiic depletion 
pattern in ST and FT fibers with aerobic and anaerobic 
exercise does occur (Gollnick et al., 1973a; Piehl, 1974; 
Saitin etual., 1973). Phosphorylase (Baldwin et al.,. 1973; 
Bylund et al., 1977; Edgerton et al., 1970; Gould and 
Rawlinson, 1959; Holloszy et al., 1971; Kowalski et al., 
1969; Morgan et al., 1971; Saubert et Lins» hO 7 Sty LeyeLO WC armenia, 


1972; Zika et al., 1971), hexokinase (Baldwin et al., 1973, 
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1977; Barnard and Peter, 1969; Bylund et al., 1977; Holloszy 
et al., 1971; Suominen and Keikkinen, 1975), phosphosfructo- 
kinase (Baldwin et al., 1973, 1977; Gollnick Sbyal $411973'; 
Henricksson and Reitman, 1976; Holloszy et al., 1971; Morgan 
et al., 1971; Saubert et al., 1973; Thorstensson et al., 
1976), and pyruvate kinase (Baldwin et al., 1973; Bostrom 
euedta, 29745; Holloszy 6t als, LO7is Morgan et alegel97ls 
Saubert et al., 1973) activities in muscles have been shown 
to increase or remain stable with different types of exer- 
cise training. Many of the previously cited authors have 
used these parameters as indicators of anaerobic adaptation. 
The above mentioned enzymes (e.g. PH, PFK, HK and PK) are 
solicited whether pyruvate is converted to lactate or is 
oxidized through the citric acid cycle and the electron 
transport chain. On the other hand, LDH, CPK and AK activi- 
Giles ac-well.ag ATP and PC stores “appear to contribute to 
OTe at re energy production without being involved in 
aerobic breakdown of fuel. LDH is often seen as a regu- 
latory enzymes of anaerobic metabolism (Everse and Kaplan, 


1973; Fritz, 1965; Karlsson et al., 1974; Sjodin, 1976). 


Training may induce an increase in the high energy 
compounds of the heart (Gangloff et al., 1961) and skeletal 
muscles (Ericksson et al., 1973; Gale and Nagle, 1971; 
Haralambie, 1972; Rogozkin, 1976), but the literature is not 


conclusive (Gale and Nagle, 1971; Haralambie, 1972; Karlsson 
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et al., 1972; Saltin and Karlsson, 1971; Thorstensson 

et al., 1975). There may be an optimal form of exercise 
that leads to increased stores of ATP and PC, but this 
optimal form of exercise has not yet been determined. Age 
might also be at the origin of some reported increases 


(Ericksson et al.', 1973). 


Very few studies have dealt with the response of CPK 
activity to training. Some have reported increases in 
tissue CPK (Kendrick-Jones and Perry, 1965; Wagner and 
Critz, 1970) and others have noted no changes with training 
(Bohmer, 1969, Gangloff et al., 1961; Oscai and Holloszy, 
1971; Rawlinson and Gould, 1959; Thorstensson. and. Karlsson, 
1974). Newsholme and Start (1973, p. 113) believe that 
CPK may amplify the control of glycolysis when coupled with 
the ATPase reaction resulting in an increase in inorganic 


phosphate which stimulates PFK activity. 


Studies showing an increase in AK activity with chronic 
exercise (Collowick as quoted by Kendrick-Jones and Perry, 
1965; Thorstensson and Karlsson, 1974) have been reported. 
On the other hand, others have observed no change with 
training (Oscai and Holloszy, i971). The, AK rete tion 
appears to be involved in the control of givecolvcis Vae PFK: 
the small and transient decrease in ATP must be accompanied 


by a relatively greater increase in AMP to stimulate PFK 


(Newsholme and Start, 1973, p- 113). 
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Skeletal muscle LDH activities have been shown to remain 
constant (Bohmer, 1969; Gollnick et al., 1967; Hickson 
et al., 1976; Holloszy,. 1971; Molé et al., 1973; Peter, 1970) 
or to decrease with training in animals (Baldwin et al., 
19727.49/3; Hickson et-al., 1976; York et aie, 1O7) in 
the heart, LDH activity is usually increased with training 
(Gollnick et al., 1961 and 1967; Walpurger and Anger, 1970; 
Poricvet.ad. , 19075 and 1976)... The literature ics equivocal 
with regard to the response to training of the LDH subunits 
or isoenzymes. Some authors have reported no change (Molé 
et al., 1973) while others have indicated increases in the 
H or the M type of LDH depending upon whether the training 
was primarily aerobic or anaerobic in nature (Karlsson 


etal), 1075: Peter ef al.y, 197 0.and,19071; Sjodin,.0/76). 


The conflicting literature may be a reflection of the 
fact that most studies have been looking at the effects of 
endurance training (aerobic type usually) on aerobic and 
anaerobic parameters and that few studies have looked at 
the specific effects of both aerobic and anaerobic training 
on the anaerobic parameters. The physiological age of the 
subjects during the training regimens and the choice of 
sampled tissues may have added to the confusion. Finally, 
the assay techniques used in many studies, particularly 
those investigating the LDH and high energy compound 
response to training, might be at the origin of some of the 


discrepancies reported in the literature. In some cases, 
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the discrepancies are unexplained, a fact which further 


justifies the reinvestigation of these parameters. 


The Problem 

The purpose of this study was to determine the com- 
parative effects of chronic, moderately intense, continuous 
running and high speed interval running on the following: 
ATP and PC stores, AK, CPK and LDH activities and LDH 
subunit distribution in heart (H), liver (L) and resting 
skeletal muscles, namely, soleus (S), medial and lateral 
gastrocnemius (GM, GL), plantaris (P) and tibialis anterior 


(TA). 


Limitations and Delimitations of the Study 


1. The study was confined to Sprague Dawley rats, 

2. The training regimens started at 6 weeks of age 
ana lasted 6 months, covering both the growth and 
adult periods, 

3. The two long-term training regimens were intended 
to primarily overload the aerobic and anaerobic 
systems separately, 

4, The physical activity used in the training regimen 
was Limited to running on a motor-driven treadmill, 

5. Sampled tissues were limited to the heart as an 
index of cardiovascular involvement, the liver as 
the locus of many biochemical substrate transfor- 
mations and several skeletal muscles of the lower 


limbs to provide a picture of the adaptations of 
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different muscles involved in the work (agonist vs 
antagonist, slow twitch vs fast twitch), 
Biochemical assays were conducted in vitro on 
whole muscle homogenates rather than using muscle 
fiber type as an index. However, the fiber compo- 
Sition of the chosen muscles was identified 

(Table 20 in Discussion), 

Although the training programs used in this study 
have been shown to induce in Situ improvement of 
the fatigue curve (Barnard ‘and Peter, 1971) and of 
the oxidative capacity of the muscles (Barnard and 
Peter), 1971; (Fittsxetials, e975" Golmichktet als, 
1970.) ; “this was. not cverdfied.“in the present study. 
The only common measures used to check the 
effectiveness of the training regimens were body 
and organ weights, 

Exceptuior LDH; noe glycolytic, glycogenolytic, 

or oxidative substrate or enzyme activities were 


measured. 
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CHAPTER II 


REVIEW OF LITERATURE 
Lactate Dehydrogenase 
LDH (E.C. 1.1.1.27) catalyses the following reaction: 


pyruvate + NADH + Ht ——40H _. lactate + NAD* 


This reaction is the last and only specific step of anaero- 
bic glycolysis. LDH is composed of two subunits: a muscle 
specific (M) and a heart specific (H) type. M and H subunits 
are combined in a tetramer molecule giving five isoenzymes:* 
H,, H 


M, HoMy» HM. and My which are also respectively 


3 3 
identified as LDH-1 to LDH-5. When isolated with electro- 
phoresis, LDH-l is the fastest moving band toward the anode 
(Dietz and Lubrano, 1967; Everse and Kaplan, 1973; Plageman 
ebeawe,)l960a and pb)... ~Figure 2 trom Rosalki (1969) bins — 
trates the classical separation of LDH isoenzymes in serum 
and tissues. Isoenzyme Hy), found in highly aerobic tissue, 
has a relatively low turnover number with pyruvate and is 
maximally active only at low concentrations of this substrate, 
which strongly inhibits the enzyme at higher concentrations. 


On the other hand, in relatively more anaerobic tissues, 


isoenzyme My favors the pyruvate to lactate reduction for 


* “Tsozyme" is also used in the literature, but the term 
"isoenzyme" is recommended by the Standing Committee on 
Enzyme of the International Union of Biochemistry 
(Wilkinson, 1970). 
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Origin MYOCARDIAL INFARCTION 
HEPATITIS SERUM NORMAL SERUM SER 


eA aya aa 


56 15 25 10% 


31 49 20% 5 21 76% 
5 948952) it 
LACTATE DEHYDROGENASE | | | y 
ISOENZYME STAIN'NG AND SCANNING 
LIVER H@IMOGENATE PATTERNS OF SERUM AND TISSUES HEART HOMOGENATE 


95% & : 


13437 45% 


FIGURE 2. GENERAL PATTERN OF LDH ISOENZYMES (FROM 
ROSALKI, 1969) 
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immediate release of energy. Between Hy and My» hybrid 
isoenzymes are found with proportional intermediate charac- 
teristics (Everse and Kaplan, 1973; Kaplan et al., 1961; 
Karlsson et al., 1974; Rosalki, 1969; Sjodin, 1976). 


The M and H composition of LDH appears to be controlled 
by two separate and independent genes. The synthesis of M 
Subunits is stimulated during hypoxic conditions and suppres- 
sed with high 0, tension, while the reverse is true for the 
H subunits (Cahn et al., 1962; Dawson et al., 1964; Everse 
endekaplan, 1973; Karsten et al., 1973; Latner and Skillen, 
'ooe,0p. o>; Thorling and Jensen, 960), “Embryolocic 
development of M and H LDH differentiation does exist toward 
their future functional role. Foetal rabbit gastrocnemius 
appears to develop the heart muscle enzyme first, whereas 
the skeletal type develops postnatally (Dawson et al., 1964). 
Brain LDH isoenzyme patterns show more M-LDH for humans 
living at high altitude (Hellung et al., 1973).. Muscles 
which contract tonically* or rythmically have relatively more 
H-LDH, while muscles which contract phasically have more M-LDH 
(Dawson et al., 1964). Function seems to be more important 
than tissue type, e.g. migrating birds have more H-LDH in 


their breast muscle than domestic birds (Wilson et al., 1963). 


* Posture and anti-gravimetric muscles (e.g. soleus, flying 
muscles) and the heart contract tonically and rythmically, 
whereas other muscles that are used only occasionally are 
said to be phasic muscles. This functional classification 
corresponds to the fast twitch (phasic) and slow twitch 


(tonic) muscles. 
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Other kinds of adaptations have been reported. For 
instance, hormonal or vitamin treatment (Acebal et al., 1974; 
Beitner et al., 1973; Dawson et al., 1964; Garbus et al., 
1964; Hirota et al., 1976), sideropenic anemia (Penney et al., 
1974) and denervation (Dawson et al., 1964) have been shown 
to induce LDH isoenzyme changes. It is interesting to note 
that 10 days after sciatic section, only a slight decrease 
in enzyme activity had occured and it is only after 31 days 
that M-LDH decreased in rabbit leg muscles. Such adaptations 
may be tied to the disappearance of the anaerobic stimuli. 
Duration is obviously an important factor to control when 
studying isoenzyme adaptation. Intermittent long-term stimu- 
lation (8 hr/day) of fast rabbit tibialis anterior up to 
28 days with a frequency pattern resembling that of a aries 
muscle (10 impulses/sec) resulted in a decrease of total LDH 


activity with concomitant decrease in M-LDH % (Pette et al., 


19.73) 


The Aerobic-Anaerobic Theory. According to Kaplan's 
group (Cahn et al., 1962; Dawson et al., 1964; Everse and 


Kaplan, 1973; Everse et al., 1970) and to Pfleiderer's group 
(Pfleiderer and Wachsmuch, 1961, as quoted by Latner and 
Spillen, 1968, p. 80 and Thorling and Jensen, 1966), LDH of 
the H type (heart) has evolved to operate as a regulator of 
pyruvate metabolism in highly aerobic cells and functions as 
a lactate dehydrogenase because it is inhibited by high 


pyruvate concentration; LDH of the M type (skeletal muscle 
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and liver) has evolved to prevent this inhibition in anaer- 
obic tissue and Premiieetae a ae reductase. Wuntch, 
Vesell and Chen (1970a), Vesell and Pool (1966) and Amara- 
singham and Uong (1968), have contested this theory and 
suggested other functions than metabolic ones for LDH iso- 
-enzymes. First, they nou adore tha iverownthe ts: nish 
M-LDH content is a highly aerobic tissue which is, however, 
in opposition to Pfleiderer's findings (Latner and Spillen, 
1968, p. 80). Second, they were unable, at high LDH concen- 
trations similar to cellular concentrations (7x107°m) to show 
the classical inhibition of H-LDH to high pyruvate concen- 
tration obtained with the usual hundred fold dilution of 
homogenate procedure. They suggested other metabolic roles 
for LDH isoenzymes: 1) a regulatory function for LDH-5 My, 
considered as an allosteric protein, 2) an association of 
isoenzymes in ene proportions with various subcellular 
particles, in particular LDH-5 within the nucleus, 3) pre- 
dominance of LDH-5 in rapidly dividing cellsor- in tissue 
Gapablenor rapid cell proliferation, and 4) a conservative 
metabolic role in which one isoenzyme would be required to 
maintain critical enzymatic function in a tissue where 


another isoenzyme was rapidly degraded. 


Latner et al., (1966) were unable to reproduce the 
above experiment. Similarly, Everse, Berger and Kaplan 
(1970, 1973) and Stambaugh and Post (1966) obtained LDH-1 


usual inhibition at high enzyme concentrations with high 
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pyruvate concentrations. According to them, inhibition is 
due to the formation of an abortive ternary complex between 
pyruvate, nicotinamide-adenine dinucleotide (NAD*) and the 
LDH. They obtained different results because the pyruvate 
substrate was added to the LDH-NADH solution in the presence 
of NAD” whereas the other groups (Amarasingham and Uong, 
1968; Vesell and Pool, 1966; Wuntch et al., 1970a) excluded 
the NAD* resulting in the LDH reaction without inhibition 
because the fast reaction occured before any ternary complex 


was formed. 


Wuntch, Chen and Vesell (1970b) further stated that 
the Fave oon in vivo is also diminished with competition 
by other enzymes (glyceraldehyde -3- phosphate dehydro- 
genase, malate dehydrogenase) or albumin with NAD*. These 
authors (Vesell and Pool, 1966 and Wuntch et al., 1970b) 
noted that pyruvate in vivo never reaches levels high 
enough to inhibit LDH and that NAD” is probably more de- 


terminant of the LDH reaction. 


However, Kaplan and collaborators (Everse and Kaplan, 
1973) still believed that the binding of NAD* to other 
proteins in vivo, resulting in a net decrease in the concen- 
tration of the free NAD’, does not affect the concentration 
of free NAD’ in the cell to such an extent that formation 
of the abortive LDH complex is no longer feasible. They 
also added that the results obtained by Vesell and his 


co-workers could be due to the limiting amount of NAD* that 
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was used in their experiments (14.0uM). Another possible 
explanation for these discrepancies may be that a signifi- 
cant part of H-LDH is present in an inactive form in the 


fresh tissue extracts (Everse and Kaplan, 1973). 


Stambaugh and Post (1966a) reported that H-LDH inhi- 
bition in the forward reaction is more a matter of product 
(i.e. lactate) inhibition than substrate (i.e. pyruvate) 
inhibition with. in vivo concentrations. Karlsson (1971a) 
has shown that muscle pyruvate concentration increased from 
0.06 at rest to 0.13 mmoles/kg wet weight at maximal work 
load; even maximal pyruvate concentration found in vivo is 
about 10 times lower than that required to produce the 
substrate inhibition reported by Kaplan's group (Everse and 
Kaplan), 1973; Kaplan et al., 1960, 1962, 1968). © On -the 
other hand, Everse et al., (1970) did show substrate inhi- 
bition at physiological enzyme concentrations. The possi- 
bility that the intracellular concentration of the pyruvate 
at the actual locations of the isoenzymes may reach inhibi- 
tory levels could not be excluded but was not considered 
likely (Vesell and Pool, 1966; Wuntch et al., 1970b). 
Although it seems that there exists no study on LDH inhi- 
bition with in vivo concentrations for all the reagents, 
most authors believe in some kind of inhibition in vivo 
(Everse et al., 1970; Everse and Kaplan, 1973; Karlsson 
et al., 1974b; Latner and Skillen, 1968; Sjodin, 1976; 


Stambaugh and Post, 1966). 
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To understand the functional role of LDH isoenzymes, 
one must realize that pyruvate, lactate, NADH and NAD* com-. 
pete together to bind with LDH and either form the ternary 
abortive complex or the ternary complex that catalyses the 
reaction. It seems that pyruvate/lactate and NAD*/NADH 
ratios are more important than the absolute concentrations 


of these substrates and products. 


Table 2, reproduced from Everse and Kaplan (1973), 
illustrates the probable role of H-LDH with different 
NAD’ /NADH and PA/LA ratios. H-LDH appears to be under meta- 
bolic control and is regulated by its own .oxidized products 
as well as the oxidized coenzymes. Therefore, in normal 
concentration, H-LDH is prevented from reducing pyruvate to 
lactate. Lactate can be produced by the heart during ischemia 
and myocardial infarction due to the lack of oxygen supply 
and the NADH increase which icpices the abortive complex 
with H-LDH and favors the reduction of pyruvate. Reactions 
2 and 3 (Table 1).appear to be geared to assure an optimal 
concentration of reduced coenzyme under various physiologi- 


cal conditions. 


The aerobic-anaerobic theory is in accordance with 
isoenzyme distribution in muscle fibers and cellular local- 
izations. M-LDH is more predominant in fast twitch fibers 
and H-LDH, in slow twitch fibers (Blanchaer and Van Wijhe, 
1962; Brody and Engel, 1964; Fine et al., 1963a; Karlsson 


et al., 1974b; McMillan, 1967; Peter et al.,; 1971; Sjodin, 
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TABLE 2 Effects of Substrate and Coenzyme Concentrations 


on H-LDH in Aerobic Tissues.* 


Reaction Concentration Ratios Action of H-LDH 
No. NAD’ /NADH Pyruvate/Lactate 
ak high high Formation of 


E-NADt -pyruvate 
abortive complex** 


2 high low Oxidation of lactate 
(E-NADt-lactate) 


5 low high Reduction of pyruvate 
(dissociation of 
E-NADt+-pyruvate complex 
as in myocardial infarc- 
tion (E-NADH-pyruvate) 


4 low low Formation of 
E-NADH-lactate complex 


nn nnn nnn att EE EEInnnS SSS 


* Fromekverce: and Kaplan; 1973. 
** E = Enzyme (H-LDH) 
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1976a; Van Wijhe et al., 1964). The higher LDH activity 

in fast twitch fibers, as demonstrated biochemically or 
histochemically (Karlsson et al., 1974b; McMillan, 1967; 
Meijer, 1973; Peter et al., 1971;.Sjodin, 1976a), seems to 
be related to higher M-LDH content, although this was not 
the case for endurance trained athletes (Karlsson et al., 
1975) due to the absence of a linear relation between total 
iPhednd- oT fibers)\(Karlsson et al., 1975). It is inter- 
esting to note that most LDH is located in the sarcoplasm 
(Brody and Engel, 1964; Sjodin, 1976a), but LDH isoenzymes 
with predominant H subunits are also located in mitochondria, 
and LDH isoenzymes mainly composed of M Spent have a 
strong binding affinity for membranes, e.g. sarcoplasmic 
reticulum or external mitochondrial membrane (Brody and 
Engel, 1964; Sjodin, 1976) or other subcellular particulate 
fractions (Ratner et al., 1974). Specific LDH isoenzyme 
compartmentalization within subcellular units may increase 
the difficulty with which NADH reaches LDH and may be 
related to or explain some physiological function attributed 


to LDH isoenzymes (Ratner et al., 1974; Sjodin, 1976a). 


LDH as a Regulatory Enzyme of Glycolysis. As shown 


previously, LDH may play an important role in controlling 
the amount of lactate produced and in oxidizing NADH accumu- 
lated in the cell. But it seems that this is not under the 
exclusive control of LDH. According to Boxer and Devlin 
(1961) and Keul et al. (1972, pp. 14, 87, 131), two other 


shuttle reactions can assure the oxidation of NADH. First, 
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dihydroxyacetone-P is reduced to alpha-glycerophosphate in 
the sarcoplasm with the glycerophosphate dehydrogenase; the 
cycle is closed in the mitochondria by the reverse reaction. 
Second, acetoacetate is reduced to beta-hydroxybutyrate in 
a similar way. Like lactate, alpha-glycerophosphate in- 
Gueases, in,anacrobic. states, but it: is not a’ “dead end" 
‘product like lactate and its significance in terms of 


fatigue is unknown. 


Actual evidence does not suggest, however, that 
endurance training preferentially accentuates the glycero- 
phosphate dehydrogenase compared to the LDH since changes 
were of the same order of magnitude and in the same direction 
for both enzymes (Baldwin et al., 1973; Morgan et al., 1971). 
Baldwin et al. (1973) reported a decrease from 4 (n.s.) to 
27% (P < 0.02) and 15 (P < 0.05) to 23.3% (P < 0.001) for 
the alpha-glycerophosphate dehydrogenase and the LDH re- 
spectively in the red and white quadriceps of the rat: in 
the soleus alpha-glycerophosphate -dehydrogenase and LDH 
increased respectively by 54.7% (P < 0.001) and 12% (n.s.). 
Morgan et al. (1971) reported non significant decreases of 
26.9% and 22% for alpha-glycerophosphate dehydrogenase and 
LDH of human quadriceps after endurance training. Holloszy 
and Oscai (1969) had previously found similar results. In 
rat heart, Kraus (1971) reported a 85% increase either with 
a strenuous swimming program and a voluntary running program. 


Staudte et al. (1973) reported no change in either LDH or 
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alpha-glycerophosphate dehydrogenase after sprint training 
in the rat. According to Boxer and Devlin (1961), the NADH 
shuttles can work only in aerobiosis or partial anaerobio- 
Sis since they are based on citric acid cycle intermediates. 
As the direct oxidation of cytoplasm formed NADH in the 
mitochondria is not possible, only pyruvate can oxidize 


NADH in anaerobiosis. 


Concerning the regulation of LDH itself, it seems that 
the mass action law is not sufficient to explain muscle 
lactate formation since pyruvate and lactate do not increase 
at the same PaHO in exercise (Karlsson, 197la; Keul et al., 
1967 andyi972). 4 According (to ‘Fritz¢( 2965); M,,-LDH but NOt 
H),-LDH behaves like an allosteric enzyme and is also acti- 
vated by the seven citric acid cycle intermediates as well 
as by aspartic and glutamic acids which are directly con- 
verted to citric acid cycle intermediates. Although there 
was a significant increase (50%) in malic enzyme (L-malate: 
NADP oxidoreductase, E.C. 1.1.1.40) after endurance training 
in the rat (Molé et al., 1973), the very low absolute levels 
of this enzyme do not seem to play an important role in the 
pyruvate metabolism (e.g. lipogenesis) in skeletal muscle 


(Molé et al., 1973). 


According to Felig and Wahren (1971, 1973 and 1975), 
another pathway, pyruvate conversion to alanine, may 
interact with the LDH reaction, decreasing the pyruvate* 

* There are other alternative fates for pyruvate (Malher - 


and Cordes, 1966, p. 435), but their importance and 
functional role in exercise is presently unknown. 
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available for oxidation of NADH via anaerobic Beets 
According to these authors, the alanine pathway is a 
non-toxic alternative to ammonia in the transport of amino 
groups from the periphery to the liver, where alanine is 
converted back to glucose. The lower muscle or blood 
lactate levels observed in submaximal exercise in trained 
individuals (Astrand and Rodahl, 1970, p. 379; Karlsson, 
1968.19 71a; Moté-et al.,,1973; , Robinson et.al.', 1941) 
may be explained by an increase in glutamate pyruvate 
teansaminase (GPT, .§.C. 2.6.1.2.) and. more pyruvate 

being converted to alanine (Felig and Wahren, 1971, 1975; 


Molé et al., 1973). 


However, at maximal and supra-maximal work loads 


Geno; vo max or maximal voluntary contraction), trained 


2 
subjects have higher lactate accumulation (Astrand and 
Rodan 970, pe-3793 Erickssonpeteal., 197573) Mole et aly, 
1973; Robinson et al., 1941), suggesting a greater 
contribution of LDH and probably of M-LDH. Reciprocal 
behaviour in lactate formation at low and medium work 
load compared to high work load appears to ie ruled by 
the inhibition of lactate and free fatty acids on each 
other at these work loads (Issekutz et al., 1965, 1966; 
Felig and Wahren, 1975; Fredholm, 1970; Horstman et al.,: 


1971; Molé et al., 1973; Weil et al., 1965). 
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Lactate can be used as substrate by the heart (Everse 
et al., 1973; Keul, 1971, 1973), the liver (Keul, 1973; 
Rowell, 1966, 1971) and more or Tees by the skeletal muscles 
Cisselkutz etal. 965; Jorfeldt, 1971; Keuls.1971l; Pelic 
and Wahren, 1975). lactate diffuses from the organs where 
it is produced (mainly the skeletal muscle) to the blood 
(Jorfeldt, 1971; Keul, 1967, 1971, 1973a and b; Margaria, 
1968, 1972). When there is a sudden rise in anaerobic 
metabolism, a delay is observed before equilibrium is reached 
between the blood and the muscle. The "peak" blood lactate 
is usually reached between 3 to 10 minutes after exercise 
(Karisson, 1971a; Marsaria, 1968, 1972). Blood and muscle 
lactate concentrationsare also dependant on the equilibrium 
between uptake and production. The peak lactate in the 
blood, although smaller than the muscle concentration, is 
always representative of the muscle concentration (Karlsson, 
1971a). It is worthwhile to note that blood lactate re- 
fiects an average situation for all the muscles of the” body 
taken together, even though lactate may be found in differ- 
ent amounts in different muscles or even in different muscle 
fibers (Essen and Haggmark, 1975) where possible product 
Sake see can wad (Karlosonmecrrat ay 1107 4, eb; eo JOdIT, 


1976a and b). 


High lactate concentrations have been associated with 
exhaustion in exercise of high intensity (Ahlbore, 1972; 
Karlsson, 197la; Keul, 1973, Margaria, 1972, 1968). lactate 


may be either a cause or consequence omeratigue, but 10 has 
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been suggested (Ferris, 1969) that the lactate anion itself 
is related to anxiety and other similar symptoms. Others, 
(Hermansen and Osnes, 19725 Keul, 1973: Osnes and Hermansen, 
1972) suggested that the increase in acidity linked with 
lactate production may be the cause of fatigue. There seems 
to be a good correlation between lactate concentration and 
exhaustion feelings, at least in short lasting-high intensi- 
ty work. According to Margaria (1968, 1972) and Keul (1973), 
anaerobic glycolysis has the second fastest energy produc- 
tion rate after the immediate utilization of high energy 
phosphate stores. Therefore, when less intense work is 
done, energy can be produced via oxidative pathways and ex- 
ercise can be performed longer before exhaustion is reached. 
With prolonged exercise, however, lactate concentration and 
production is low and cannot be related to exhaustion 


(Karlsson, 197la; Keul, 1973). 


Lactate is produced and accumulates when the energy 
demand is greater than the energy that can be produced with 
aerobic metabolism. In supra-maximal exercise, lactate is 
produced to a greater extent than it is taken up and this 
is reflected by the greater accumulation of lactate in the 
muscle and the blood. At low work loads (30% VO,max) , 
lactate is probably produced but does not accumulate (Di 
Prampero et al., 1976; Margaria, 1968, 1972). At medium 
intensity (30-60% VO,max) , which can be sustained for a 


long time, lactate increases at the beginning but returns 
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to resting levels with time (Jorfeldt, 1971; Felig and 
Wahren, 1973; Karlsson et al.,. 1968; Keul et al., 1972). 
Even maximal work after prolonged exercise does not produce 


the usual lactate rise (Astrand, 1963). 


To explain the sudden rise of lactate at the beginning 
of medium work load, Jorfeldt (1971) and Felig and Wahren 
(1975) suggested a net release of lactate from white fibers 
which are mainly composed of M-LDH. When the delay due to 
Circulatory, adjustments is: finished, the red fibers are 
able to meet the energy demand aerobically and assume the 
responsibility of muscle contraction, perhaps using lactate 
as a substrate. It is known that during prolonged exercise, 
glycogen depletion as measured at 20, 60, 120 and 180 mm 
Ofexercise, first occurs in ST fibers but as the exercise 
progresses, the FT fibers are also depleted (Gollnick 
et al., 1973d). But this fiber specific depletion pattern 
could not be observed before 60 min of exercise and is not 
necessarily in contrast with the early transient lactate 
rise that was observed at the 20 min mark (Gollnick et al., 
1973d). During repeated 1 min sprints of high intensity 
interspaced with 10 min of rest, glycogen is first depleted 
in FT fibers as opposed to the glycogen depletion pattern 
of prolonged exercise (Gollnick et al., 1973a). Others 
(Baldwin et al., 1973; Pienl, 197) have reported “the 
possibility of a selective recruitment pattern of different 


fiber types at the onset of work and with various types of 
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exercise. Essen and Hagemark (1975) recently measured 
lactate in single muscle fibers* and in pooled muscle fibers 
of the same type in exercises known to result in lactate 
formation. With single fiber measurements, they found 
great variations in post exercise lactate, both for type I 
and type II fibers reflecting a selective fiber pattern. 
Lactate from pooled or single fibers was higher in some 
cases for type.II fibers.** The exercise stimuli used in 
this study were bicycle work at 100% VO,,max and static con- 
traction at 50% of MVC which, if the selective recruitment 
theory is good, should preferentially involve fast twitch 
or type II fibers. It would be interesting to have a simi- 
lar study with exercise BEC intensity where lactate 


is known.to increase .at first and to decrease thereafter. 


Tsoenzyme Pattern Modifications. The crucial and 
Cen ral: point of <glycolytic regulation by LDH is the LDH 


Subunit or isoenzyme pattern and its possible modifi- 
cation with physiological demand (e.g. training). According 
to Millar (1974), lactate dehydrogenase must be in an 


"activated state" to hybridize in vivo. Simple dissociation 


kat Single muscle fibers were dissected from freeze-dried 
samples and the ends cut offfor identification with 
myosin ATPase reaction. Single fibers were placed 
directly in a fluorometric tube for analysis. Pooled 
fibers (25-50 fibers of the same type) were first 
digested in HCL and the supernatant analysed convention- 


ally. 


** No statistical analyses were made in this preliminary 
study. 
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to dimers is not enough for hybridization. In vivo, there- 
fore, an environment: must iy created in which the enzyme is 
not membrane bound, in which the anti-hybridizing effects 
of substrate, coenzyme and protective ions are prevented 
from occurring and in which "activation" can take place. 
These are highly restrictive conditions. The possibility 
exists that, in vivo, activating agents are present which 
negate the influence of the inhibitors and accelerate 


hybridization. 


Newly and preferentially synthesized LDH subunits 
appear to be the route by which isoenzyme patterns are 
modified. The half-life of LDH may be as long as 31 days 
in rat skeletal muscle and somewhat shorter im, chenliversand 
the heart (Fritz et al., 1969). Opposite trends have been 
shown for the time of occurrence of peak specific radioac- 
tivirtese| Donvand Master,..10757 thre set al, 1969). | Hoan: 
My has been shown to possess a much shorter half-life than 
any other isoenzyme in the heart, the liver or the skeletal 


i 
muscle of the rat (Fritz et al. eee 


Acute Exercise and LDH 

In serum, LDH and more specifically M-LDH may tempo- 
rarily increase by as much as 400% in trained and untrained 
humans and animals if the relative intensity and duration 
of the work load are sufficient (Block et al., 1969; Bloor 
and Papadopoulos, 1969; Doty et al., 1971; Fowler et al., 


1962; Garbus et aides 1964; Hallonen and. Konttinen, 1962; 
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Haralambie, 1972; Hunter and Critz, 1971; Novosadova, 1969; 
Papadopoulos et al., 1968; Raven et al., 1970; Rose et al., 
1970a and b; Schmidt and Schmidt, 1969; Siest and Galteau, 
1974; Wolfson et al., 1972). Many mechanisms, including 
cellular necrosis, membrane disruption, increased permea- 
bility due to hypoxia or to increased circulating catecho- 
lamines, increased blood flow, carriers, etc... have been 
proposed to explain the increased release of LDH and M-LDH 
from tissue to serum (Atland and Highman, 1961; Doty et al., 
1971; Garbus et al., 1964; Highman and Altland, 1963; Karls- 
son et al., 1968; Raven et al., 1970; Sanders and Bloor, 
1975; schmidt and Schmidt, 1969; Siest and Galteau, 1975; 
York et al., 1976). Such a release from tissue must rely 
on some assumptions. For instance, tissue LDH either main- 
tains the same activity but its concentration is decreasing 
as a result of cellular leakage to serum or increases its 
activity or its concentration with a concomitant increase 
in serum. Cellular leakage is not directly related to LDH 
activity itself and thus does not seem to be related to a 
possible training effect in tissue LDH. Such a decrease in 
rat tissue LDH after acute exercise has been reported by 
Doty et al. (1971). Novosadova (1969) reported that heart, 
liver and skeletal muscle LDH decrease in trained and 
untrained rats with acute exercise but serum LDH, paradoxi- 
cally, increased in untrained rats and decreased in trained 
rats. Other trends have however been reported for tissue 


LDH after acute exercise. Garbus et al. (1964) observed 
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no consistent changes. Gollnicn et al. (1967) reported no 
significant change in LDH activity of rat heart or skeletal 
muscle after acute exercise. pti bl Karlsson et al. (1968) 
reported a significant increase in human muscle LDH after 
prolonged exercise. The reasons for these different findings 
are unclear at the present time. Karlsson et al. (1968) 
believed that the increase in muscle LDH was due to an 
increased enzyme concentration and possibly to a change in 
the Michaelis constant. Due to the long half-lives of LDH 
(Fritz et al., 1969, 1973), it seems that such changes must 
result from a transient change in activity (inhibition or 
facilitation).:» This reported increase in human muscle LDH 
after strenuous prolonged exercise appears to be paradoxical 
and is unique in the literature. It seems paradoxical 
because 1) such prolonged exercise is known to yield low 
lactate levels. (Astrand’ et al.4,_1963; TorPelatch 1971; Felig 
and Wahren, 1973; Karlsson ottalt. e19068)9Keulvete aly adore), 
2) LDH activity is well above the maximal rate of lactate 
formation in vivo (Karlsson et al., 1968), 3) training with 
prolonged exercise does not increase human skeletal muscle 
IDH-(Bylund et al., 1977; Morgan et al., 1971; Sjodin et al., 
1976a and b), 4) and all other human and animal studies 
showed similar increases in serum LDH after acute exercise 
and all other animal studies* either showed a decrease or 


no change in tissue LDH after acute exercise. Species 


* A recent preliminary study (Sjodin, 1976a) indicated that 
LDH and M-LDH did not change in human muscle after a 100 km 


race. 
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differences are Not excluded. “Tie tiieerccard,1t is inter- 
esting to note that in rat serum about 80% of the LDH is 
present as M-LDH (Bloor and Papadopoulos, 1969; Garbus et al, 
1964; Raven et al., 1970) as compared to 20-30% for human 
serum (Barengo and Itoiz, 1972; Block et al., 1969; Dietz 
and Lubrano, 1967; Rose et al., 1970). Acute effects of 
exercise on LDH appear to be transitory and quite indepen- 
dant ofchronic» effects of exercise. “Thus the acute effects 
of exercise on LDH are not a very useful aid to understand- 


ing the chronic effects of exercise. 


Chronic exercise and LDH 

Although the relationship between serum and tissue LDH 
is puzzling, training does effectively reduce the LDH rise 
ingserum at a particular submaximal work load (Bloor and 
Papadopoulos, 1969; Garbus et al., 1964; Hunter Stoake Loy. 
Novosadova, 1969; Papadopoulos et al., 1968; Rose et al., 
1970a; Wolfson et al., 1972) and at rest (Hallonen and 
Konttinen, 1962). Another study has reported, however, a 


mild but significant increase in resting serum after training 


(Hunter and Critz, 1971). 


In tissues, LDH changes appear to be related to the 
type of training as well as to the type of tissue. 
Endurance training, either running or swimming, appears 
to ae the LDH activity of the heart (per mg of Ne 
or mg of fresh tissue) by 10 to 30% (Gollnick et al., 


1961, 1967; Walpurger and Anger, 1970; York et al., 
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1975 and 1976) and more specifically, the M-LDH* activity 
by 22 to 30% as well as the M-LDH% by 3 to 5% (Peter, 1970; 
Work et al. ; 1975,and 1976). The LDH increase in the heart 
may be a function of the intensity and duration of training 
as well as of the age at which the training regimen was 
started (York et al., 1975 and 1976). ‘Two other studies 
(Peter, 1970; Ruhling et al., 1973) reported nonsignificant 
changes in total LDH activity of the heart after endurance 


training. 


In skeletal muscles, LDH adaptation to endurance exer- 
cise appears more complex and more confusing. Generally, 
fast twitch skeletal muscle of endurance trained athletes 
have 30 to 68% less LDH activity than sedentary subjects 
(Cospii. eb al. 919765 Karlsson eleal., 1975; suommmeneand 
Heikkinen, 1975). Genetic endowment may explain these 
differences since none of the endurance training studies in 
humans showed significant changes in mixed skeletal muscle 
(Bylund et al., 1977; Morgan eteal., 1971; Sjodin et al., 
1976a and b). In each case studied, however, there was a 
decrease of 6 to 22%. Most training studies in animals 
also showed decreases of 7 to 58% in fast twitch skeletal 
muscles. These trends were often non sieniticant in the 


mixed FG and FOG gastrocnemius and plantaris (B&hmer, 1969; 


* In many cases, M-LDH activity and M-LDH% have been esti- 
mated from isoenzyme activities or % using the following 


formula: 


33 


grivites ag ve ak 0h 


o8er stetet) He of F 


trast ont ab ee 


sinel rh oeed 


Gow 


Cre 7 ® 
ee Ye 
- ©. Rios. 
1 Cts sf Lg Om 
= 
a 
i 
a) 
2 1 
ea 
A 
Ar 
} 
+7 j 
rt 
r wt + 


els 


mo eolitant 


ve 


Waals (LiF 
g Payer 
3) La | < 3 7 Tze 
woa tt 
it a) { 
i i S | 
| Lys 
> as 
: V fest 
: ae 
i Sei Ghee hint ‘ag Taal, 
x 1 | a i 7 
} ne pe: ra Ree a a to. ao 
; i hi rh re 
Leo) SB ea) 


Seo.  .sointi bey at LSe yh mth. Sets ae Ewenneet F: Gi ATs 
i ; : - ca , Cw 
elses HERS 3 | bis whi ‘i i s 
(ptiwelio’ a R79 eectivli roe Sry “a 
vy «, A 


ge ENO ae rl ee 


by ‘Out: cette ogi abreont -ommuatt 


7-7 | ; 
An pie: : ; 
Cain 
Jira On i iy 
‘Pan i) i 
: y 
i 


ge) 


ea rd 
! 


ow 


34 


Gollnick et al., 1967; Hickson et al., 1976; HOLLOszya 1 97 1s 
Molé et al., 1973) and sometimes significant in FG muscles 
(Baldwin et al., 1972, 1973; Hickson et al., 1976; York 

et al., 1974). Two studies reported no change (Gollnick 
and Hearn, 1961; Gould and Rawlinson, 1959) and another 
reported a 39% nonsignificant increase in rat biceps brachii 
with tonic training (Zika et al., 1973). In slow twitch 
muscle, like the soleus, there may be an opposite trend 
with an increase of about 12% in LDH activity after endurance 
training on a treadmill (Baldwin et al., 1972b and 1973). 
Hickson et al. .(1976) have, however, reported a small but 
Significant decrease in soleus LDH using a running wheel 
device. It was also found that FOG muscles had a greater 
decrease in LDH activity than FG muscles (Baldwin et al., 


1973; York et al., 1974). 


The effects of sprint training on tissue LDH are less 
well documented and appear even more confusing than the 
effects of endurance training. Fast twitch skeletal muscles 
of sprint and strength trained athletes have significantly 
higher LDH and M-LDH activity than endurance trained 
athletes and sedentary persons (Costill et al., 1976; Karls- 
son et al., 1975). Although present, none of the increasing 
trends were significant in sprint training studies dealing 
with humans (Sjodin et al., 1976b; Thorstenson et al., 1975). 
Hickson et al. (1976) did report a significant 15-20% 
decrease with sprint training in fast twitch skeletal muscles 


of rats whereas Staudte et al. (1973) reported no change 
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agbernacel dayisprint trainjns)study. ein, the heart, Ruhling 
et al. (1973) found no myocardial LDH change with sprint 
training. Isometric training that brought exhaustion in 4 
to 5 min, 3 times twice a day for 25 days in a row with at 
least 30 min recovery between each exercise bout, had no 
evtect, one LDH. activaty of, fast, twitch. rectus femoris.of 
female rats but decreased the LDH activity in the soleus 
(Exner Ob Blicey 419,738). In male rats, there were no change 
in’ iDH activity of either. rectus femoris or soleus after a 


similar isometric training (Exner fone peiilgpr es BOIS oN ir 


To summarize, endurance training appears to decrease 
LDH and M-LDH activity in fast twitch skeletal muscle, and 
to increase these activities in the heart and soleus. The 
changes in LDH are a function of the fiber type composition 
of the muscles. On the other hand, the few sprint training 
studies reported either indicate a similar or an opposite 
LDH behaviour in mixed skeletal muscle of humans and other 


mammals. 


The decrease in LDH of fast twitch skeletal muscle with 
endurance training could be explained by the increased 
oxidative capacity of these muscles (Baldwin et al., 1972) 
and by the greater contribution of aerobic metabolism to 


energy demand. It has been shown that during endurance 


training more pyruvate is converted to alanine or is directed 


toward the citric acid cycle and more fat is oxidized 


(Felig and Wahren, 1975; Gollnick et 8.969190 eos 
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Holloszy, 1971; Molé et al., 1973). Therefore, less energy 


is coming from the LDH reaction, particularly from the M-LDH 


reaction, and the observed LDH decrease might be a secondary 


Side effect of the increasedoxidative capacity. On the 


Other hand, the increase of LDH in the 


heart, which has been 


attributed to the most anaerobic subunit ( i.e. M-LDH) is 


surprising, particularly in view of the fact that endurance 


training increases the utilisation of lactate as a substrate 


(Keul, 1973a). This heart specific adaptation is not ex- 


Clucive to LDH, and.its consistent with 


mire regard, 1t 1S interesting to. note 


OLheregt indingza.. an 


that Hearn and 


Gollnick (1961) reported increased ATPase activity in the 


heart but not in the gastrocnemius of endurance swim-trained 


rats. Heart muscle also usually shows 


less oxidative adap- 


tation to endurance training than skeletal muscle (Baldwin 


eu. 197/a; Holloszy, 107 5smUccat et, al., LO7Lb).. 


Tt 1.6 known that LDH half-lives were estimated to 1.6, 


16-end 3) days in the heart, liver and 
respectively (Fritz et al., 1969). In 
enzyme of the heart has a much shorter 
other isoenzyme of the heart, liver or 


(Fritz7et al., 1973). These facts are 


skeletal muscle 
addition, My iso- 
half-life than any 
skeletal muscle 


consistent with the 


heart LDH and M-LDH activity changes, but could not explain 


the long term adaptation that resulted 


training regimen. 


from a 6 month 


York et al. (1975 and 1976) have shown that experimen- 
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tal hypoxia resulted in M-LDH concentrations twice as large 
as those found after running or swimming, in both ventricles 
and atria, even though hypertrophy was present only in the 
right ventricle and atria. Hypoxia appears more important 
for M-LDH synthesis than hypertrophy and its accompanied 
cellular and chemical changes. If hypertrophy per se would 
increase the activities of LDH, as has been hypothesized 
(York et al., 1975), one would expect relative increases in 
Other glycolytic enzyme activities. To date, this phenom- 
enon has not been demonstrated in the literature. (Baldwin 
et al., 1973; Gollnick and Hermansen, 1973; Saubert et al., 
i973; York et al.', 1975). Hypertrophy might still explain 
partially, at least, some of the LDH increases in the heart. 
In this regard, Walpurger and Anger (1970)-reported signifi- 
cant heart LDH increases and hypertrophy only in the running 


training group and not in the swimming group.* 


Therefore, hypoxia appears more important than hyper- 
trophy to explain LDH and M-LDH increases in the heart. 
Such hypoxic changes would be consistent with the aerobic- 
anaerobic theory previously described and other reports on 
the effects of hypoxia on LDH (Dawson et al., 1964; Fox and 
Reed, 1969; Hellung et al., 1973; Thorling and Jensen, 1966). 
Since oxygen delivery to the heart might not be limited 


during moderate sustained exercise (Holloszy, 1973; Rowell, 


Negi York et al., 1975 andvl1976), York et al. (1975 and 


* 
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Baldwin et al. (1972a, 1977a and b) reported that swimming 
usually resulted in greater heart hypertrophy than running 
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1976) believed that M-LDH could increase in the absence of 
hypoxia but gave no alternative explanation for this be- 
havior. The situation is somewhat similar to the oxidative 
enzyme rise after aerobic training since 0, Dbemsion, in 
muscle appears more than adequate (Rowell, 1974; Stainsby, 
1973) and where the oxygen uptake, even at maximal rate, is 
well below the oxidative enzyme activities (Holloszy, 1967 
Ande 9 74s)..* . Thusy..the oxidative enzymes as well as LDH 
appear to adapt to a situation where the energy demand is 
increased or the oxygen availability is decreased even 
though. it. does not. reachsa.critical, level....In, skeletal 
muscle, the oxidative enzymes appear to adapt first to the 
demand resulting in a decrease in LDH. In the heart, the 
oxidative enzymes adapt to a lesser extent (Baldwin et al., 
BO ete HOllLOsZy, 19/53 Oscalacwwale, 1971b) maybe because 
oxidative enzyme levels in the heart are already in a trained 
etate and closer to-4 possible physiological limit so that 
the extra energy demand of training has to be met by 
increased LDH activity. The increase in the Ate LDH 
activity is harder to explain on the hypoxia basis. It 

is possible that this slow twitch muscle might have been 
under a greater stess than fast twitch muscles if equally 
solicitated by the running action. It is known that glycogen 
ig depleted faster? ines? Fabers ’as* compared worl Pl ii bers 


in prolonged exercise (Gollnick et al.,1973a,d). 


* The oxygen supply as a limiting factor to muscular 
contraction is still an open question however (Bostrom 
ereita 9, 1.974 so Kaigjser, 1.970% and 19939) . 
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Those facts might indicate a possible réle of anaerobic 


elycolysis inthis muscle. - 


Hypoxia might be a stimulus for LDH adaptation but it 
is hard to reconcile the facts that on one side trained 
heart oxidizes more lactate in moderate exercise and on the 
other side, has higher LDH and M-LDH activity. The fact 
that other glycolytic enzymes of the heart do not increase 
and that more fat is being oxidized might be at the origin 
of the LDH changes. Trained skeletal muscles also use more 
lactate as substrate and training might reduce the circulat- 


ing lactate. 


Wirtn*sprint training wricmrdeces not ancrease “the VO.max 
Cs jodinmet al:’, *'O76b "and “Thore yensonm et ale, 1975) ;"an 
increase in LDH activity seems to be mandatory to meet the 
energy demand. The fact that animal studies did not support 
such an adaptative pattern may be due to the insufficiency 
Of the training programs.’ “Hickson et al. ~(1976) used ‘only 
10 sec work intervals and 40 sec rest intervals. Staudte 
et al. (1973) used longer work intervals (45 sec ) but their 
rats did only 4 repetitions a day and trained only for 21 


days. 


Other reasons seem to warrant further investigation on 
the effect of chronic exercise on LDH activity and LDH sub- 
units. As endurance and sprint training might have opposite 
effects on LDH, one form of these exercises has to be used 


exclusively. The use of mixed regimens (e.g. sprint 
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intervals Superimposed to endurance running) might explain 
some of the nonsignificant results reported earlier (Hol- 
loszy, 1971; Molé et al., 1973) and should be avoided. 

Since many of these studies were significant only when 
studying the quadriceps muscles (Baldwin et al., 1972a and 
1973; Hickson et al., 1976; York et al., 1974) and not 
Significant when dealing with the gastrocnemius or the plan- 
taris (B&hmer, 1969; Gollnick et al., 1961, 1967; Hickson 
et-al., 1976; Helloszy, 1971-3; :Moté et al., 1973), there 
may be specific muscle recruitement that should be further 
investigated. Gould and Rawlinson (1959) have reported no 
LDH change in the rat biceps brachii after swimming training, 
but it is not clear that this muscle is a prime mover for 
this motion. A biochemical comparison of “agonist" and 
"antagonist" muscles appears necessary. Finally, in many 

of the reviewed studies, total LDH activity was often 
measured at only one pyruvate concentration and M-LDH% was 
estimated without the previous determination of the species- 
specific optimal pyruvate concentrations for M-LDH and 
H-LDH. This may explain some of the many nonsignificant 


but large percentage changes reported in the literature. 


Metabolism of High Energy Compounds* 


ATP is the immediate source of energy for muscular 


LO 


contraction (Cain et al., 1962; Davies, 1971; Maréchal, 1972; 


Mommaerts, 1969). ATPase catalyses the conversion of ATP 


* See footnote on next page. 
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into ADP. Because ATP stores are very limited (Davies, 
1971; Karlsson, 197la), ATP has to be resythesized continu- 
ally to pias muscular contraction. Most newly resynthe- 
sized ATP comes from oxidative metabolism and anaerobic 
glycolysis. In addition, minute amounts come from the 
conversion of PC and ADP into ATP through the two following 
reactions: 


EC # pp ee Ee ane = Ee 


and 


2 ADP =—Sk— ayp + arp 


Adenosine Triphosphate and Phosphorylcreatine 

Energy liberated from the reverse of PC is the most 
rapidly available (Cas ned ail abo: Di Prampero Cbuaiiag, 
1670; Hohnorst et al., 1962; Huléman et al, Ser Karlsson, 
Ove; Kheulvet ale, 1972; Margsaniaye LO/72 Pimper and Spiller, 
1970)" PC aes ie seems to provide most of the energy 
necessary for a 6 to 20 seconds work bout of high intensity 


ikea 100 meter ‘run (Keul, 1975; "Marcaria, 1968, 71972). 


* Ennor and Morrisson (1958) have reviewed the origin of 
the term "Phosphagen" and suggested that "Phosphagens" 
should be regarded as a generic name embracing all (and 
restricted to) those naturally occurring phosphorylated 
guanidine compounds which function as stores of phosphate- 
bond energy from which phosphoryl groups may be trans- 
ferred to ADP to form ATP as a result of enzymatic 
pacekycis. Mhus ATP a teelipae not a whnosphagen as sit is 
often implied (Cerretelli and Di Prampero, 1969; Gollnick 
and Hermansen, 1973; Karlsson, 1971la; Pernow and Saltin, 
1971) “In addition, phosphorylcreatine is preferred LO 
phosphocreatine or to creatine phosphate since it does 
contain a phosphoryl group (creatine-PO.H Yani NOLee 
phosphate group ( -PO)H ae RAD oubrer een Energy Compounds" 
or inergy Rich Compotnas" expressions appear more 
adequate to describe the combination of ATP and PC 
compounds than the term "Phosphagens". 
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Even with limited stores, ATP and PC initial levels have a 
definite effect on this kind of sport performance. PC stores 
are depleted very soon at work (Cainvet als, 1062; Davies, 
1971; Di Prampero et al., 1970; Ericksson etcale, 19735 
nonorst et al., 1962; Hultman et al:, 1967; Karlsson et al., 
tJ7ta; Keul et-als, 1972; chapt. fli; Knutgen and saltin, 
1973; McGilvery and Murray, 1974) whatever the working 
intensity (Di Prampero et al., 1970; Karlsson, 197la; Keul 
Cue. 5) 19/72, Chape. 111). ATP levels are usually maintain= 
ed at equilibrium or more or less depleted in very severe 
work of if CPK is inhibited (Cain et al., 1962; Davies, 1971; 
POoDereuleo al.,5 1902; HUltman cloval., 71907). Wost PC stores 
are replenished yery rapidly, within’ 2 minutes in’man or 
animals: (Fox et al., 1969; Hultman et al., 1967; Margaria 


P968, 19726 Pitper and Spiller, 1970). 


Other facts support the importance of high energy 
compounds on contractile performance. Borredon (1967) 
showed a negative correlation between PC levels of the heart 
and electrocardiographic ST depression. Feinstein (1962), 
Fox and Reed (1966) and Rabinowitz and Zak (1975) reported 
up to 24 and 54% decrease in ATP and PC with experimental 
congestive heart failure. Total tension developed in the 
anaerobic state seems to be related to ATP and PC levels 
(Cerretelli and Di Prampero, 1969; Harris et al., 1975). . 
Running performance in rats was reduced when the creatine 
reserve was itself decreased with a synthetic erantine analog 


diet (Shields et al., 1975). Cairella and Vecchi (1966) and 
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Cier (1965) reported an increased swimming endurance time 


in rats after ingestion of PC supplements. 


Many experimental conditions = PCKe and Me** Aspartate, 
amino-Acids, Monosodium Phosphate, rreah C administration - 
have been shown to increase ATP and PC levels (Pourel, 1968). 
Rabinowitz and Zak (1975) recently reviewed several forms 
of cardiac hypertrophy (e.g. acute cardiac overload, develop- 
ing cardiac hypertrophy, compensated cardiac hypertrophy) 
and found a decrease or no significant changes in ATP and PC. 
Degenring et al. (1975) and Scheuer et al. (1970) reported 
Similar results for endurance swimming training in rat heart. 
In 1961, Gangloff et al. reported a paradoxical 32% increase 
cera t heart after endurance treadmill training, but the 
values (e.g. 1.5 mmole/kg wet weight) were eal under the 
usual reported range (5-11 mmole/kg wet weight). Many of the 
results reported before 1960 are low due to poor sampling 
and extraction techniques (Wollenberger et al., 1960) and 


thus, are questionable. 


In the skeletal muscles, the effect of physical train- 
ing on ATP and PC stores is somewhat confusing. According 
to Yakolev (io6s) and Yampolskaya (1952) (as quoted by 
Haralambie, 1972), PC levels increased up to 75% after 
training with short exercises of high intensity as compared 
to lower intensity training. Russian workers are currently 
assessing the efficiency of their training programs with the 


specific PC response to training (Rogozkin, 1976). There 
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may be an opposite trend in PC adaptation in heart and 
skeletal muscle (Harren, 1938, quoted by Haralambie, 1972). 
Other studies, however, are no more conclusive. Compared to 
sedentary rats, Gale and Nagle (1971) found that neither 
sprint nor endurance running-trained rats had significantly 
different ATP and PC levels of the soleus and gastrocnemius 
plantaris muscle group. Absolute values reported by these 
authors were only about 50% of the usual values. Saltin 

and Karlsson (1971) studied the effect of physical condi- 
tioning in man on ATP and PC but reported no significant 
change on these parameters. Karlsson et al. (1972) showed 
that endurance training increases ATP but not PC levels of 
the quadriceps. Thorstensson et al. (1975) did not show any 
Significant change in ATP and PC after short sprint training 
in man. Swimming also failed to alter significantly the ATP 


levels of rat gastrocnemius (Buhmer, 1969). 


Ericksson et al. (1973) reported an 11 and 39% increase 
of ATP and PC respectively in vastus lateralis of 11-13 
years old boys after 6 months of general conditioning. They 
explained the ATP increase by the concomitant mitochondrial 
increase’ but could not explain the unusual increase in PC. 
It is interesting to note that the pre-training values were 
14.5 as compared to 20.2 mmole x ket wet weight after 
training. Scandinavian groups (Bergstrom et al., 1971; 
Harris et al., 1974; Hultman et aie JoovetKarisconsne the l. 
1971a) usually have reported values of 17 to 21 mmole x ket 


wet weight in human adult quadriceps. Since there was no 
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control group for age effect, it may be that the increase 
reported by Ericksson et al. (1973) reflected an aging 
effect rather than a training effect... Casten, (1950). and 
Quarto di Palo (1960) previously reported an increase in PC 


Dutanot.in ATP inutadcuring, rats. 


To summarize, it seems that training induces a decrease 
in ATP and PC levels of the heart. In the skeletal muscle, 
the situation is not conclusive and requires further investi- 
gation. Some authors (Ericksson et -al., 1973; Jacobs and 
Klingenberg, 1964; Haralambie, 1972; Keul et al., 1972, 
chapt. III; McGilvery and Murray, 1974; Rabinowitz and Zak, 
1975; Saks et al., 1974; Seraydarian et al., 1974) questioned 
the physiological importance of possible ATP and PC changes. 
They believe that enzyme activities (CPK and AK) are more 
efficient ways to adapt to the energy demand and that PC may 
be more important as a regulator of other energy synthetic 
reactions or as a form of energy that can be transported 
from the mitochondria to the myofibrils rather than being a 


storage form of energy. 


Creatine phosphokinase 

Creatine phosphokinase (CPK) is a dimer composed of a 
brain type (B) and a muscle type subunit (M), but the nature 
and the function of the three isoenzymes (BB, BM, MM) is 
very unclear (Traugott et al., 1973). As the amount of 
brain type CPK is usually very low in muscle (Saks et al., 


1974), more concern is given to total CPK. 
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The effects of acute exercise on serum CPK are well 
documented (Block et al., 1969; Fowler et al., 1962 and 1968; 
Haralambie, 1972, 1973; Hunter and Critz, 1970; Kendrick- 
Jones and Perry, 1965; Nuttall and Jones, 1968; Rose et al., 
1970; Sanders and Bloor, 1975; Schmidt and Schmidt, 1969; 
Siest and Galteau, 1971; Wagner and Critz, 1970). It seems 
that serum CPK may increase up to 400% (Wagner and Critz, 
1970). and is a better index of the work load intensity than 
other enzymes. (Sanders and Bloor, 1975). Kendrick-Jones and 
Perry (1965) and Wagner and Critz (1970) reported a muscle 
CPK rise after acute exercise or in vitro contraction 
(isometric or isotonic) but this could not be confirmed by 
Oscaivands Holloszy (1971) and Dieter (1970) unless® there 
were Vit C deficiencies. On the other hand, Bostrom et al. 
(19742 and-b) reported 2 decrease anticsue CrK after swim 
Ming sor! in vitro stimulation (isometric@or Taotonic ).. 

Serum and tissue changes after acute exercise are generally 
transient and. have probably little significance for the 
understanding of the chronic effects of exercise on tissue 


CPK. 


The effects of chronic exercise on tissue CPK appear 
inconsistent from one report to another. Endurance training 
has been shown to increase the animal heart, soleus and 
gastrocnemius CPK by more than 10% (Wagner and Critz, 10170) ke 
Other studies (B&hmer, 1969; Dart and Holloszy, 1969; Dieter, 
1970; Oscai and Holloszy, 1971; Rawlinson and Gould, 1959; 
Walpurger and Anger, 1970) reported no CPK change in either 


mitochondrial or cytoplasmic extracts of heart or skeletal 
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muscles. Bohmer (1969) and Kendrick-Jones and Perry (1965) 
Showed a CPK decrease in human and animal muscles after 
amon itsatien, Ber this does not imply a tissue CPK increase 
after training. As a matter of fact, Suominen and Heikkinen 
(1975)° and’ Thorstensson et al. - (1974, "1976a and ’b) failed to 
show a CPK increase in human muscle after endurance and 
strength training respectively. On the other hand, Thors- 
tensson et al. (1975) found a 35% increase in human muscle 
after sprint: training. “In"animals. sprint ‘training resulted 
in a 12% CPK increase in the soleus but did not change the 
CIR activity of the rectus femoris: (Standte et at. , 197394 
whereas isometric training had a reciprocal effect in these 
two muscles, both in male and female rats (Exner eu ale, 


1773) 


To summarize, tissue CPK does not seem to change with 
training except perhaps with sprint and isometric training. 
Further research is required to substantiate CPK adaptation 


to chronic exercise. 


Adenylate Kinase 

ATP can be resynthesized through the adenylate kinase 
(AK) reaction. According to Newsholme and Start (1973), 
the energy provided by this reaction can suffice for 3 
seconds at most. From the athlete's point of view, this 
could be very important. For biochemists, however, this. is 
a very small amount of energy as compared he other energy 
sources. Newsholme and Start (1973) considered this reaction 


as an amplification mechanism for the regulation of glycolysis 
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Since the AK reaction is Ales close to equilibrium and 

the ATP concentration is 50 times larger than the AMP 
concentration. Relatively enskneeneness in ATP are ampli- 
fied by the relatively large change in the AMP effector. 
Othere=iunctions have been attributed to AK, such as a re- 
phosphorylation of the adenylic acid accumulating with the 
Oxidation or the ‘fatty acid (Pette, 1971) or an extra 
intramitochondrial adenosine nucleotide exchange (Klingen- 
berger, 1965). Thus, the biochemical function of AK is not 
clearly determined. Adenylate kinase adaptations to chronic 
exercise are not more conclusive. Oscai and Holloszy (1971) 
indicated no change in mitochondrial and cytoplasmic adenylate 
kinase after endurance running in rat gastrocnemius. In 
heart muscle, however, Walpurger and Anger (1970) found a 
50% and a 30% rises incytoplasmic, but not in mitochondrial, 
AK after endurance swimming and running ne rat respective- 
ly. Dart and Holloszy (1969) failed however to demonstrate 
any AK adaptation after experimental heart hypertrophy in 
the rat using arteriovenous fistula. In human skeletal 
muscles, Thorstensson et al. (1975 and 1976b) failed to show 
any AK change after sprint and strength training although 
they observed a 7.8% significant increase with strength 


training in a previous study (Thorstensson et al., G7 6a) 


In conclusion, it seems that skeletal muscle AK changes 
rarely with training, except maybe with strength training. 


There is also a possible increase in the heart AK activity. 
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CHAPTER III 


METHODS AND PROCEDURES 


Animals 

Forty male Sprague Dawley rats (Canadian Breeding 
Farm and Laboratories, Ttd.; ‘St; Constant, Quebec) were 
used in the study. The rats were approximately six weeks 
Ot ave and weighed 160°2°27 erams (xX 7+ SD.) at the time of 
arrival. The animals were placed in 60 X 60 X 30 cm self- 
cleaning cages at 25°C ,%50% relative humidity and 755 mm Hg 
in groups of ten for the first 8 weeks and in groups of 
five thereafter. Cage locations in the rack were rotated 
in a random fashion once a week. Rats were exposed to the 
usual 12hr daylight and 12hr darkness. Rats were identi- 
fied with a color code on the proximal end of the tail with 
the use of a marking pen. Rats were fed ad libitum with 
tap water and standard rat chow (Charles River Rat and 
Mouse Formula) containing 22% protein, 5% fat, 5% fiber and 


11% moisture. 


Experimental Groups 


After an initial exercise program, the thirty best 
runners were numbered in order by weight and randomly 


assigned to one of three experimental groups*: 


* At that time, the rats were relocated according to their 
new group, always 10 per cage. This resulted in ag- 
gressive behaviour which was somewhat reduced by putting 
5 rats per cage. Individual cages were unavailable due 
to restricted facilities. 
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sgr: Sedentary group 
Cgrs Continuous training group 
Igr: Intermittent training group 


Mean group weights of the rats ( X = SD ) were 305.0 = 26.5, 


317 ba 1ee0, 311.7 aaeeye ya grams: for Ser, Cer and ler re— 
spectively at time of group assignment. Due to the limited 
availability of the "trainer", running time had to be 
changed a few times during this 6 month experimental period. 
On a few occasions, training was conducted in the evening 
with the lights on. At all other times, the rats were 
trained in day light either in the morning at 8:00 or 


eugthberend of-the afternoon aiil7s00... Thesattrition,rate 


for the experimental animals was 2 of 10 per group. 


initial: Exercise) Program. ~Aiter.ones»week of only cage 
activity for adaptation to the new environment, an initial 
exercise program, consisting of running five days per week 
for four weeks, was provided. Running took place on a 
motor-driven treadmill accomodating 10 animals at a time 
and incorporating a shock grid at the a of the com- 
partments to motivate the animals to keep pace with the 
belt movement (Quinton Instruments, Seattle, Wash. U.S.A., 
Small Animal Treadmill, Model 42-15). The rats learned to 
run continuously for 6 minutes on an 8% grade with the speed 
progressively increased from 10 to 31 n/min. This pro- 
gression is low enough to avoid significant training effects 
on the activities of the oxydative enzymes (Benzi et al., 


Moyo Pitts et al., 1975; %Holloszy, 1oe7; Molé et al. 1975). 
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In addition, following the continuous work, the initial 
exercise program included low intensity intermittent 
running, starting with 10 X 15 sec work at 15m/min with 

15 sec rest intervals and finishing with 10 X 15 sec work 
at 35-40 m/min with 10 sec rest intervals. The initial 

| training program was deleted thereafter for the entire 

6 month experimental period. Knowing the reversible effect 
of training, it was assumed that the initial training 
program would have no training effect at the time of sacri- 


fice. 


The sedentary group (Sgr) was restricted to normal cage 
achayvicty,: treating; wdrinking jisleepingy) walking, flehting 


and weekly weighing. 


Tie “continuous training -eroupetCermran tor, 6 months, ive 
days per week. The treadmill was set at 31 m/min and 8% 
grade. The duration of the training session was gradually 
increased from 10 to 50 minutes over 3 months, maintained 
at this level for 1.5 month and reduced to 40 minutes for 
thesdesi4. .Simonth.* This training stimulus is believed to 
be the maximal that can be handled by these rats. It was 


therefore impossible to reproduce Hod loezy“ Sm training 


* Thel training Loads hadstol bes reduced: because the rats 
failed to run after 40 minutes even with increased 
electrical stimulation. This behavior may be linked to 
the cage re-assignment that followed the initial exer- 
cise program since the rats were harder to train at 
that time. Reduced training had also been reported by 
others (Barnard and Peter, 1971; Peter, 1970). 
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regimen (1967) as originally intended. Holloszy was able 

to have young Wistar rats running for 2 hours after 3 months 
and demonstrated significant changes in the oxidative 
capacity of the rats (Baldwin et al., 1972; Holloszy, 1967; 
Molé et al., 1973; Pattengale and Holloszy, 1967). Never- 
theless, Fitts et-al. (1975) and Gollnick et al. (1970) 

have reported intensive glycogenolytic and lipolytic re- 
sponses in rats with a training regimen similar to the one 


used in this study. 


The intermittent training program (Igr) was designed to 
cause a greater effect on the anaerobic metabolism. Conse- 
quently, the intensity was higher than for the continuous 
training. Each training session started with a 5 minute 
warm-up period at 31 m/min and 8% grade. The rats ran 

10 X 1 minute at an intensity that was gradually increased 
from 40 to 75 m/min over the first 5 months and maintained 
at 70 m/min (8% slope) during the 6th month. Each work 


interval was interspaced by a 4 minute rest interval. 


Dependent Variables 

The dependent variables mostly represent key metabo- 
lites or enzymes of the anaerobic metabolism in different 
tissues. These include: 

1. Absolute weight of the body or the organs, Wns: 


These measures provide a simple check of the 


effectiveness of the training programs; 
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Relative weight of the organ, W The ratio of 


rel’ 
organs Wb Over body Wabs is used as a parameter 
per se as well as a relative index of organ weight 
Since the usual decrease of body weight with 
training may compensate for the expected organ 
hypertrophy. For the second purpose, regressed 
weights (Gollnick et al., 1967; Héroux and Gridgeman, 
1958; Muller, 1975; Tanner, 1949) are usually better 
than Wel? Bue WrllLe not Hderapemesd here Since no 
significant correlations between organ weights and 
body weights were observed in this study. In 
addition, it has been reported that Wo) is similar 
to the regressed weight of muscles (Héroux and 
Gridgeman, 1958; Muller, 1975); 

Adenosine triphosphate, ATP; 

Phosphorylcreatine, PC; 

ATP + PC; 

Creatine phospnokinace ws chk | BoC. uNO.«2: (1 3ac, AERPs 
creatine phosphoryltransferase) ; 

Adenylate kinase AK OEaCy No.12./.4.9, ATP: AMP 
phosphotransferase) ; 

factate dehydrogenase, —mire( “BVC.M io. =Ui1 .e27, 
L-Lactate: NAD oxidoreductase) ; 


LDH activity at 21x1074 


M PA, LDH, 5 ; at high pyruvic 
acid concentration, there is inhibition of the 


heart type of LDH subunit; 
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9.) ADNPactivity atu 3x0) NePA; GDN tran Low pyruvic 


3 
acid concentration, there is inhibition: of the 
muscle type of LDH subunit; 


10, The ratio of LDH,, over LDH LDH, ,/LDH3, ise E 


3? 
good indicator of the percentage of heart and 
muscle types of LDH subunits, an important aspect 
of anaerobic metabolism since "H" type favors the 
lactate to pyruvate reaction whereas the "M" type 
favors the pyruvate to lactate reaction; 

I. + LDHactivity related: tommuscle: type of LDH ‘subunits, 
M-LDH; 

a2. DH activity related to heart typevof LDH subunits, 

_H-LDH; 
ig. ‘otal LDH activity = M-=LDH + H=-LDH,. GDH. 


The dependent variables as well as their sampling sites are 


ue ted. an iTable 3. 


Sampling Procedures 


At the end of the training period, rats were sacri- 
ficed at rest, two days after the last work bout to avoid 


acute exercise effects on dependent variables. 


The measurement of “ATP and PCa as icriticaletor the 
sampling procedures due to the rapid hydrolysis in anaerobic 
conditions (Karlsson, 1971; Lamprecht, 1963; Lowry et al., 
1964a and b). Rats were anesthetized with an intraperi- 
toneal injection of 50 mg of Nembutal (sodium pentobarbital 


Abbott, 50 mg/ml) per kg of body weight. This anesthetic 
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was preferred to ether in order to minimize excitation and 
also possible changes in enzyme activities that occur with 
ether (Ben et al., 1969; Katona, 1973). However, Nembutal 
has a depressive effect on the cardiovascular system 
(Sawyer et al., 1971) and definite effects on substrate 
concentrations, .of rat, liver, (Faupelbpet ab., 1972). ATP 
levels are not affected by Nembutal (Faupel et al., 1972). 
The effects of Nembutal on heart and skeletal muscle 
substrates and on enzymes are not known but the number and 
the sites of sampled tissues required anaesthesia of the 
rats. A systematic error, if any, should not disturb com- 
parisons of the three training groups. After discarding 
the skin and the superficial muscle layers, the muscles of 
the left leg were isolated in the following order GM, TA, 
5S, P, GL, with minimum trauma, leaving intact the circulation, 


innervation and insertions. 


Each muscle was isolated with a small plastic plate 
approximately 15 cm long, 1 mmthick, and 1.5 cm wide at one 
end and 3 cm at the other. The plastic plate had protuber- 
ant rounded edges increasing the thickness of the plate to 
4 mm. This plate assured better thermal insulation and made 
it easier to grasp the suspended muscle with copper tongs 
precooled in liquid nitrogen (-190°C ). The muscle was 
then cut immediately along the edge of the copper tongs 
and put into the liquid nitrogen. Protruding tissue was 


broken off the copper tongs to avoid contamination with 
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slowly frozen tissue. The samples were immediately wrapped 
in aluminum foil and temporarily stored in liquid nitrogen 
and then, in a deep freeze at -60°C: (Revco, Ultralow, 

Model ULT-075-0-2) until chemical analysis was carried out. 
At these temperatures samples are stable almost indefinitely. 


(Lowry and Passonneau, 1972, pp. 120-122). 


The tongs used were a pair of Vise-Grip pliers (Plate 
# 1) modified by soldering a pair of copper blocks to the 
original lips of the pliers in such a way that block 
surfaces always compressed the muscle into a parallel sheet 
of 1 mm thickness to ensure even, rapid and constant freezing 
within and between samples. Copper was preferred to the 
often used aluminum because it offers a slightly higher 
thermal conductivity and freezes 1.4 X more tissue for the 
same block size due to a higher density that largely compen- 


sates for its lower specific heat*. Each copper block was 


* Physical characteristics (Handbook of Chemistry and 
Physics, 1973). 


1. Thermal conductivity (Watt/cm) 


aus DEe 17306 
Aluminum 2G Cu. 340 
Copper 4.01 3.98 4, 83 


2. Specific heat (cal/g.C°) 
hie eeOn cL Se Cus 05093 


3. Density (/cm?) 
oleh ho cee Ul a One 


4, 4Q = me At or m, cy Ot, = My Co At, 


where AQ = heat transfer (calories) 
m = mass (grams) . 

c = specific heat (cal/g.C ), 

At = change in temperature (C~) 


an os Ge . 
-ofqmee- nee 
erot ra 


bbqqerw vletsibeme. oTaw 
negovtin Binpit at’ besote-y) Bis 
Ad 
i 


On a\eieons 
wolorrlt eOaven) 3°08= on 
$0 boftine sew 2LaglanaA Se sai Pond 


At 
/ a ae Feat ro 
inktebut-Seomie si¢S7e O° Sees Se ae 2, ae 
' mee Cu ris > 
eet, iii ca 
* ite ae a st ” - 7 ' a ool a 
uaiae mae Rs 


oo 1-080 "a aa 


ont 
a i a S 


; 7 + tO ae 
SAS D, I 
ey ae fous ref a } 


hy ' + DLGSs Bigs 


’ 


tT SAW os et 


a x 
7 ; 
' 
Tr ) 
; 
Pes peel 
PT. 
me Le ele 
ae 
iJ a \ 
. 


atts 


i ae Aca casa a 
: th 0) SMT SVS Ctes Si 


PATIO 


MODIFIED VISE-GRIP PLIERS WITH COPPER BLOCKS 
USED 0; FREEZE y Tiny TRS SUBS GaN Pay 


58 


aly 
wt ‘ 
x 
t 
' 
i 
Wilh 
i 
[ 
' 
Pal 
ue 
ts 
% 
4 
{ 
i 
Sit 
‘.: 
J i 
ii 
x 
yf 
io ‘ 
L Oya 
yn ft t : 
: 
) 
may 
f 
/ 
* 
( 
hee T 


Sa 
Cs 


fiat -tia. St tr 


np de Snes hath to 
CtUS6LT BHT." SSReAT Ol: Cagy 
ay ' 


', q \ f 1 


“s 


SeTVGRT STOO”. TAT 


) j 
La 
oo” 

e. 

, ; - 

, 

? a 

a 
: 1 

” 

e % 
4 ro 
Lagat 


59 


1 cm thick; other dimensions can be deduced from its cross 
section (Figure 3). Such a design allowed samples of 


various sizes and shapes to be taken. 


It is believed that such a freezing technique is the 
simplest and the best available (Adam, 1963a; Cartier, 
49672; Eranko, 1954, Faupel et al. , 1972; Hess, 1963; 
fenere toh et al., 1963a and b; Leunissen and Piatnek- 
Leunissen, 1968; Lowry oe Passonneau, 1972; Pourel, 1968; 
Swynghedauw et al., 1967). Compared to immersion techniques 
using various refrigerants, "quick-freeze" tongs yielded 
better results. Even for isopentane, the best refrigerant, 
freezing (36° to 0°) required over 7 geo with tissue 
samples as small as 200 mg due to the heat isolation of 
immersed tissues. This is caused by the development of a 
gaseous wrap of refrigerant (phenomenon of Leidenfrost) and 
is also due to the low thermal conductivity of the tissue 
iteeit. This delay Ws" surficienu to cause Nydrobysits .of 
ATP and metabolic changes in many other substrates (Faupel 


ete, 1072). 


The heart was extirpated next. It has been shown 
that the anoxia delay due to the opening of the thorax is 
enough to cause hydrolysis of ATP and PC (Adam, 1963a; 
Lampretch et al., 1963a and bys “Therefore, a. tracheotomy 
was performed for assisted ventilation using an artificial 
respiratory pump, (Rodent pump, Model 680-1, Harvard 
Apparatus Co., Dover, Mass. U.S.A.). The thorax was then 


opened and the heart was lifted by its apex and flattened 
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OVERHEAD DIMENSIONS OF COPPER BLOCKS USED 


IN, FREEZING TISSUES. BLOCKS WERE SOLDERED 
TO THE ORIGINAL JAWS OF THE VISE-GRIP PLIERS 


WITHs PART: TAU ..O) BROCKS WWEREG IS eMATHDEK. 
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between the precooled copper tongs. The whole heart was 
maintained for weighing and enzyme analyses. Non-beating 
hearts due to poor ventilation were eliminated from ATP and 
PC analyses. Heart tissue was analysed similarly to the 


analyses mentioned previously for the left leg samples. 


The liver was removed, frozen by immersion in liquid 
nitrogen and stored in a freezer at -60°C for further 
weighing and analyses. Finally, the muscles of the right 
leg were isolated, dissected, frozen by immersion, and 


stored at -60°C for weighing and enzyme analyses. 


Analytical Methods 


AT*® chemicals used in this study and their source of 


supply are listed in Appendix G. 


Tissue Preparation 

Enzyme analyses. Fifty to 100 mg of wet tissue were 
blotted for blood, freed of connective tissue and weighed 
to one tenth of a milligram. Tissues were homogenized using 
10 ml of 0.25 M sucrose per ¢€ of tissue with a Kontes glass 
pestle and tubes of size AA or A (Canadian Scientific 
Company, Montreal, Canada, Cat. No. 885451 and 885452 for 
the pestles and the tubes respectively). The pestle was 
rotated by a motor (Fisher Scientific Co., Montreal, Canada, 
Dyna-Mix Model 143) at about 1000 rpm using rubber tubing 
as an universal joint. The tube was moved up and down 
manually (about 30 times to complete muscle disintegration) 


and frequently put in ice to prevent over-heating, (Hess, 
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1963). Crude homogenates were centrifuged at 4000 g and 
4°c for 10-15 min (International Equipment Co., Centrifuge, 
No. PR-6000). Then, to bring the absorbance changes into 
the region of 0.02 to 0.05 absorbance units per minute 


with the assay mixtures, further dilutions were made as 


follows: 
ENZYMES SKELETAL HEART LIVER 
MUSCLE 
AK 1/100 1/100 1/100 
CPK 1/10000 1/1000 1/100 
LDH 1/1000 1/1000 1/1000 


and 0.05 ml of these dilutions were used to start the reac- 
tion in the assay mixture. The same sample was used for 


AK, CPK and LDH assays. 


ATP and PC analysis. Tissue preparation (weighing, 
deproteinization, homogenization, centrifugation and 
neutralization) was conducted ina °c refrigerated room. 
Tissue samples of one rat were transferred from the freezer 
to a Dewar flask containing liquid nitrogen and maintained 
in this flask between manipulations. Until deproteinization, 
care dosage to limit exposure s¢ 4°c air to less than 10 
consecutive seconds. Tissue samples (50-400 mg) were 
rapidly weighed on a Roller Smith balance (Biolar Corpo- 
ration, Model LG, North Grafton, Mass.) to one tenth of a 
mg and transferred back to the Dewar flask. The deprotein- 


ization was carried out according to Lampretch et al. (1963a 
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and b), using 6.5 ml of HC1O), 6% W/V for 2 g of muscle 
tissue. Perchloric acid was preferred to trichloracacetic 
acid because the latter is reported to inhibit the G6P-DH 
used in the assay (Cartier et al., 1967a; Lowry and Pas- 


Ssonneau, 1972, p. 123). 


The exact amount of HC10), required was calculated and 
drawn into a pipet (Pipetman, Model P by Gibson, Analytical 
Instruments, Mississauga) for later use. Next the tissue 
was transferred to a porcelain mortar (30 ml capacity) 
eontaining liquid A teeen and ground with a precooled 
porcelain pestle to a fine powder. As needed, 10 ml portions 
of liquid nitrogen were added to avoid complete evaporation. 
Then, one HC 10), was slowly added and ground with the powdered 
tissue in liquid nitrogen. After grinding and evaporation 
of remaining nitrogen, the powdered mixture of muscle and 
HC10), were transferred to a Kontes glass homogenizing tube 
with a small plastic spatula and homogenized when the 
mixture started to melt, using the procedure described 
previously. Samples were left standing for 5-10 minutes to 
ensure complete deproteinization (Cartier et al., 1967a; 
Bucher et al., 1963), then centrifuged at 4°¢ for 10 
minutes at 4000 g. Care was taken to minimize the time of 
deproteinization. The tolerance time for 0.6 M HC10), at 


o°c is 1 hour for acid labile ATP and PC (Hess, 1963; Lowry 


and Passonneau, 1972, p. 124). 


Supernatants of centrifuged homogenates were trans- 
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ferred to small test tubes, and neutralized to pH 7.4 
according to Lamprecht (1963a and b) using Methyl Orange as 
the indicator and K,C0., (5M) as ener va. Samples stood 
Om, LO/min. to perm. KC10,, sedimentation. The supernatant 
was transferred to another tube to avoid contact with any 
acid stable enzymes such as MK and ATPase in the sediment 
that might have affected PC or ATP assays. From this final 
solution, 0.05 or 0.1 ml was added quickly for the assay, 
because there is a slight hydrolysis of ATP and CP on 


standing (Lamprecht, 1963a). 


Assays 

All enzyme assays were conducted at SOue ca, using Leen 
Square cuvets containing 3 ml of reagent solution and 
recording the % transmittance change for 2 minutes at a 
wave length of 340 nm on a Beckman spectrophotometer (Model 
DB-6) coupled to a Fisher recorder (Recordall, Model 5223- 
51). Transmittance readings were transformed to absorbance 
and to enzyme activities using a small desk computer 


(Hewlett Packard, No. 9801 A). 


Adenylate kinase was measured according to Oliver's 


method (1955). The reactions are basically: 


oe hee rey : 

app ——#&——> arp + AMP (1) 
ATP + glucose == app + Gé6P (2) 

G6P + NADP —-COP=DH_. ¢_phosphogluconate (3) 


+ NADPH + H* 
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According to Newsholme and Start (1973), the forward reac- 
tion is the fastest and is preferred to the reverse one 


(Collowick, 1955; Kleine and Chlond, 1967). 


Creatine phosphokinase was measured according to 
Oliver's method (1955) as modified by Nielsen and Ludvigsen 
(1963) and Rosalki (1967), using commercial kits (Dade, 
CPK-UV-1 or CPK-UV-10) which have proven to be reliable and 
valid (Crowley and Alton, 1970; Rosalki, 1967). The reac- 


tions of this method are: 


pc + app SPR creatine + ATP (1) 
ATP + glucose as ADP + G6P (2) 


_G6P-DH 4 
G6P + NADP OF 6-phosphogluconate 


+ NADPH + H+ (3) 
According to Rosalki (1967), the forward reaction is faster 


and is preferred to the reverse reaction. 


Lactate dehydrogenase assay was more complicated. By 
measuring activity at two predetermined pyruvate concen- 
trationsind ti tis’ possible ito iobtaim the percentage of "H" 
and "M" monomers of the LDH, plus activity due solely to 
"Ww" and: "H" monomers or to;total GDHes The method.was 
essentially that sea by Dawson and Kaplan (1964), Fox and 
Reed (1969), Hirota et al., (1976), Kaplan and Cahn (1962), 
Latner and Skillen (1968, p. 80), Plagemann et al. (1960a 
and b) and Stambaugh and Post (1966a). Thus, with two 
simple spectrophotometric assays, it is possible to obtain 


not only enzyme activity but also relative distribution of 
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"H" and "M" monomers. This method yields essentially the 
same information as the more complicated electrophoretic 
separation of the LDH isoenzymes since an equal mixture of 
LDH . Give. My) and LDH, Guy Hy), results in the same total 
activity as LDH. Ciige 2 MH, ) (Everse, 19735 peré6 sikaplan 
and Cahn, 1962; Latner and Skillen, 1968, p. 30; Plagemann 
Obra bn; 1960p). 


LDH catalyses the following reaction: 


PA + NADH + Ht ==—2DH sq, + apt (1) 
This LDH method is based on the specific calalytic properties 
of the relative composition in "H" and in."M" monomers. 
Each monomer has a different optimal pyruvate concentration 
for maximal velocity of the reaction. Therefore, at the 
two optimal pyruvate concentrations, the total velocities 


of the reactions are the following: 


at optimal PA concentration for M-LDH, 


V, = M-LDH + x H-LDH (els) 


ik 
and at PA concentration for H-LDH, 


V, = y M-LDH + H-LDH (2) 


Z 
The optimal pyruvate concentrations as well as the values 

of x and y must be determined for each species (Cahn et al., 
1962; Fine et al., 1963a; Latner and Skillen, 1968, p. 4, 20, 
35). In this study, rat M and H were isolated with polya- 
crylamide gel electrophoresis using the method of Dietz 


and Lubrano (1967). Plate 2 (Appendix A) is an example of 


the isoenzyme separation. Additional heart and skeletal 
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muscle samples were treated in a similar fashion except for 
the staining procedure. The fastest and the slowest moving 
bands toward the anode, Ay and My respectively, were cut 
according to two stained samples run at the same time.* 

Then these unstained duiccewor My and Ay LDH were spectro- 
photometrically analysed to determine the optimal pyruvate 
concentrations (Figure 6 and Table 21 in Appendix A). Hence, 
it was found that the optimal pyruvate concentrations were 
the following: | 


PA 21 x 107% 


M for My, or M-LDH 
PAS Sy 107M for H, or H-LDH 
The percentage of enzyme activity at these two concen- 


trations were as follows: 


Therefore, equation (1) and (2) were re-written as: 


1.00 M + 0.80 H (39) 


g 
a 


Epi: = eos ee oe On (1) 
From (3) and (4), the ratio LDH, ,/LDH, (V/V) which also 
indicated the percentage of H and M subunit (Figure 4), the 
activity solely due to H and M subunits (H-LDH and M-LDH) 
and the total LDH (i.e. M-LDH + H-LDH) can be computed. 


* The ratio of the distance covered by the marker dye to 
that covered by the isoenzyme band was used. This ratio 
was constant for the same batch of analyses. 
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100 | e) 
= M-LDH + 0.80 H- LDH 
0.77 M- LDH + H- LDH 
75 125 
e) 
oS ae 
ja Hi 
2 A 
50 50 4 
I 
a ae) 
25 75 
O wl sccm mle Ls 10 0 
0.8 0.9 1.0 1.1 1.2 1.3 
LDH», / LDH3 
FIGURE 4. PERCENTAGE OF H-LDH AND M-LDH FROM THE 


| LDH, ,/ LDH, RATIO. THE LINE HAS BEEN 
DRAWN BY SUBSTITUTING THE % OF M-LDH AND 
H-LDH IN THE INSERTED EQUATIONS WHICH 
HAVE BEEN OBTAINED FROM TABLE 21 AND 


FIGURE 6 OF APPENDIX A 
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Final spectrophotometric conditions of the reagents in the 
cuvets were pH 7.4, 0.067 M Phosphate buffer (Sorensen), 
bases 103° “ 4 


M«NADH anid 2X 107% 86F°3 2107 ON pyruvate: 


Adenosine triphosphate and phosphorylcreatine were 
measured in the same assay according to Lamprecht and Stein 
(1963b) and Lowry and Passonneau (1972, p. 151). The 


reactions, as for CPK, are as follows: 


Dei. Adprin Bp (1) 

glucose + ATP —HK = aép + app (2) 

G6P + NADP —GOP-DH__y 6-phosphogluconate (3) 
+ NADPH + Ht 


ATP was measured using Calbiochem Kits (ATP Stat-Pack No. 
869206) which were modified for PC by adding other reagents 
to reach the final concentrations suggested by Lamprecht and 
Stein (1963b). This modification yielded identical. results 


to the conventional approach but saved considerable time. 


Statistical Methods 

Assays were all done in duplicate and computation 
carried out on the means. Suspect values were rejected on 
a common sense basis. Calculated t for the rejected values 
were higher than the 1.9 and even the 2.44 rejection 
criteria (a = 0.05 and 0.025 respectively for n= 7). Per- 
centages of missing data appear in Appendix F. Data were 
analysed from two points of view: differences between 
training groups and differences between organs (or tissues). 
Group and organ means and standard deviations were calcu- 


lated for all the dependant variables. 
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Two way analyses of variance (Winer, 1971, pp. 245-248) 
were made between group differences and between organ differ- 
ences. Since the variance differed very much between some 
variables, and since there were no significant interactions 
between training groups and organs, and since the differ- 
ences between organs were much larger than the ones between 
training groups (Appendix F), the two way analyses of 
variance were merely used to assess the general pattern 
between training groups. To assure more specific analyses, 
one way layouts (Winer, 1971, pp. 210-219) were done on 
each variable and each organ to assess training group 
differences and on each variable with combined data from all 


groups to assess organ differences. 


For comparison between pairs of means, Scheffé's con- 
trasts (Scheffé,1959, pp. 66-67; Winer, 1971, pp. 198-201) 
were <eteorteae for ¢@ equal to.0)..05 when the F ratios of” the 
analysis of variance were significant (p = 0.05). Although 
less powerful than other a posteriori tests, Scheffé's 
method was used because it is clearly the most conservative 
with respect to type I error (Scheffé, 1959; Winer, 1971). 
Scheffé's procedure does not require equal n and is less 
sensitive to violations of normality and homogeneity of 
variance assumptions than Tukey's procedure, the only other 
comparable test with respect to Type I error (Myers, 1966, 
pp. 333-336). All statistics were computed with SCIRU 
(Service de consultation informatique pour la recherche 


universitaire), one of the services at the Université de 


Montréal. 
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CHAPTER IV 
RESULTS 


The raw data for the training groups are listed: in 
Appendix C. The original statistics on dependent variables 
_ which showed significant eienenees (P < 0.05) between 
training groups appear in Appendices D, E and F. Training 
group comparisons for each dependent variable: means, 
standard deviations, ANOVA F ratios and Scheffé's contrasts, 
are found in Tables 4 to 17. The group body weight growth 
curves are plotted in Figure 5 from data found in Table 22 


(see Appendix B). 


Significant, ANOVAs «FP ratiose (P.< 0.05)-.were obtained 
between training groups for absolute body weight, relative 
organ weight, ATP and CPK. All other variables (PC, ATP + 
LDH M-LDH, H-LDH and Total LDH) 


PC, AK, LDH LDH, ,/LDH 


ele Sy: ote 
showed no significant trend with one way ANOVA. However, 
two way ANOVA revealed significant differences between 


training groups for these parameters (Appendix F). 


The details of the aforementioned results are presented 
in the two following sections: "The Effect of Chronic 


Exercise" and “Organ Comparison". 
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The Effects of Chronic Exercise 


Body Weight 

The body weights obtained for the rats at each week 
during the study were averaged by group (Table 22, Ap- 
pendix B). Weight progress is depicted graphically in 
Figure 5. During the initial exercise program, body weights 
were equal and progressed at the same rate for all groups. 
During the formal training period however, the increases in 
weight of the training groups progressed at a much slower 
Pate stnan Ser (P = 0.005, Table +). “Scherté's contrasts 
were significant between Sgr (625 g) and the training groups 
(Cer: 534 and Igr: 534 g) but not between the training 
groups themselves. Growth rate slowly declined with age and 


started to plateau by 25 weeks of age. 


Organ Weights 

Both absolute and relative weights of the organs were 
recorded at the time of sacrifice. There were no signif- 
icant differences in absolute organ weights between the 
groups (Table 5). Relative organ weights (except liver) of 
the trained animals were heavier than those of Sgr (Table 6). 
However, F ratios were significant only for the tibialis 
anterior, the plantaris, the gastrocnemius medialis and the 
heart. Furthermore, Scheffé's contrasts indicated that only 


the plantaris muscles of Cgr were heavier than those of Sgr. 
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TABLE 4 Final Body Weight for the Different Training 
Groups: Means, Standard Deviations, ANOVA F 


ratio and Scheffé 's Contrasts. 
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FIGURE 5. RAT BODY WEIGHT GAIN WITH AGE AND TRAINING 


(DRAWN FROM TABLE 22, APPENDIX B) 
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TABLE 5 Absolute Weight of the Organs in the Different 
Training Groups: Means, Standard Deviations, and 


ANOVA F Ratios. 


Db ab 


Organs* Ser* Cer Igr F P< 
mg mg mg 

TA 998 1003 968 0.345 ns 
124 17 87 

P 562 582 551 0.591 ns 
58 53 58 

GM 1194 1244 1222 0.491 ns 
109 100 97 

a 8 FuLO 1405 1450 0.176 ns 

1:73 9 189 

S 250 258 251° 40%. 116 ns 
48 27 31 

H 14962 1719 199° 0.074 ns 
153 by ds. ae 

L 15997 13957 12389 P O2 7 ns 
1364 1544 4852 


abbreviations: see Table l. 
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TABLE 6 #£Relative Weight of Organs in the Different 
Training Groups: Means, Standard Deviations, 
ANOVA F Ratios and Scheffé's Contrasts. 
Organs Ser? Cer®? Ter? F P< Contrasts 
mg/g mg/g meg/g (Poss) 
TA DeG2 Lace 1IHB2 3.635 0.05 Ceragalor =) oor 
0307 ORO OveZ 
P ‘gyeteul 1.09 nliestey 3.783 0.05 Cgr > Ser 
Od 0,05 0.14 
GM 1.94 2035 229 9.296 0201. Cer. >) Ser 
0.29 0.09 0.18 Ler = Ser 
GL 2.34 2.64 De 2.584 ns 
0.47 0.14 O35 
S Gel. £0. UB a0: Wye 08 ns 
| 0.10 0.03 0.06 
H 2.30 eu Duo CMM Slammed) B60 05 eee lara. cor 
0.20 0.99 Oe27 
Tige 25.94. 26.13 | 2oe0o memo c00e ns 
4, 30 2.04 3.45 
a. abbreviations: See Table l. 
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Adenosine Triphosphate and Phosphorylcreatine 

Resting concentrations of ATP and PC as well as 
ATP + PC are reported for each group and each organ in 
Tables 7 to 9. Only ATP concentrations showed significant 
group differences. Scheffé's contrasts further revealed 
that for the tibialis anterior, ATP was lower in Igr com- 
pared £0, either Cgr or Sgr. For the gastrocnemius medialis 
and lateralis, ATP was lower in Igr compared to Cgr. Final- 
ly, the soleus of Cgr had higher ATP values than the two 
other groups. Therefore, the general tendency was to have 
a higher ATP concentration in Cgr, followed by Sgr and then 
Igr. This was confirmed by analysis of variance and 
contrasts run on the combined data from all organs (Ap- 


pendix F). 


Creatinephosphokinase and Adenylate Kinase 

CPK and AK activities and training group comparisons 
are reported in Tables 10 and ll. None of the organs 
showed significant difference between training groups for 
AK. On the other hand, combined data from all organs 


indicated that CPK was higher in Sgr compared to the trained 


groups (Appendix F). 


Lactate Dehydrogenase 
LDH related variables for group comparisons are re- 
ported in Tables 12 to 17. Two way analysis of variance 


(Appendix F) revealed that LDH, » LDH, M-LDH and total LDH 
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were higher in all organs of Sgr compared to the trained 
eroups. One way analysis of variance showed less signifi- 
cant differences between training groups. LDH, 4 and DH. 
activities were higher in the gastrocnemius lateralis of 
Sgr compared to Cgr whereas M-LDH was higher in the heart 
Ofer sthan inter. No naar cane difference between 


groups characterized the LDH, ,/LDH., ratio (or the percentage 


of M-LDH and H-LDH) and the H-LDH activity. 


Organ Comparison 


Organ means, standard deviations and ANOVA F ratios 
from combined group data* for each dependant variable appear 
in Table 18.4 Significant Scheffels fontrasts are identified 
ijgeable hO.«. In general, the organs, fell yinto, four distinct 
categories: liver, heart, soleus and the other skeletal 
muscles. 

Adenosine Triphosphate and Phosphorylcreatine 
(Tables 18 and 19) 

PC was the lowest in the heart (5.5 mmoles/kg) slightly 
higher in the soleus (9.0 mmoles/kg) and much higher in 
other skeletal muscles (14.2 - 18.3 mmoles/kg). With a few 
exceptions, ATP and ATP + PC were characterized by a similar 
pattern. For instance, ATP was higher in the heart (4.2 


mmoles/kg) than in the soleus (3.4 mmoles/kg). 


* Since the differences were much larger between organs 
than between groups, group data were pooled. 
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TABLE 7 ATP for Each Organ in the Different Training 
Groups: Means, Standard Deviations, ANOVA F 


Ratios and Scheffé's Contrasts. 


Organs® Sert Cer®> Ter2? F Re Contrasts 
mmoles/kg mmoles/kg mmoles/kg : (P < .05) 
wet weight wet weight wet weight 


TA 5.8 5.8 4.9 5,876. 6000l Igne- Ser 
0.5 0.9 0.4 ler < Cer 
P Gea! 523° 4.6 2.32%. Bins 
On 0.8 O75 
GM 532 533 4.5 3.77 ae 80005 | lone Cer 
a aM 0.9 0.6 
GL 4.8 5.3 4,3 4.312), 80405 Tone Cor 
0.5 1,64 O55 
S} 353 3.9 3.2 6.924. BO901 Sene< Cor 
0.2 Gas 0.5 here Cer 
H 14.0 4o5 4.3 2.402: Sais 
0.4 0.5 0.4 | 


a. abbreviations: see Table l 
De wax 4c 
Ce N= 4/ 
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TABLE 8 PC for Each Organ in the Different Training 
Groups: —- Means, Standard “Deviations and 


ANOVA F Ratios. 


Organs . Ser? Cer®? Ter? F P 
mmoles/kg mmoles/kg mmoles/kg 
wet weight wet weight wet weight 


Q 


TA Oe TBa9 LOn9 0.979 ns 
4.2 PAS 2. 
P 15.9 Lane 1 Sie 0.617 ns 
6.8 eM es Bu3 
GM 15.5 16.8 16,.9° 0.365 ns 
Za) 30 51029) 
GL ieee Tu ig 0.385 ns 
2.6 Oie7 350 
S 8.9 Ona 8.0% 0.830 ns 
1.8 352 50 
H 5537 5.9° cor 0.533 ns 
ing? On 1.8 | 
a. abbreviations: see Table l 
Baw -hane7 
Ce n= 6 
Gd.) one 
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TABLE: 9 ATP + PC for Each Organ in, the Different Training 


Groups: Means, Standard Deviations and ANOVA F 


Ratios. 
| Organs® Ser? cere? Ter2? F P 
mmoles/kg mmoles/kg mmoles/kg 
wet weight wet weight wet weight 
TA 24.7 24.7 21,4 2.825 ns 
4.0 1.5 2.4 
P aa. eee Ne agske 0.629 ns 
6.6 sue 3.6 
GM 20.6 22.5 ON ek 0.440 ns 
2.9 4.2 4,3 
GL Lowe” 19.7 17.6° 0.949 ns 
2.4 Bee 3xD 
S 12.2 ie a 11.04 1.766 ns 
i.9 3.4 ee 
H On3° aa) 9.6° 0.318 ns 
25 AS PxPn®) 


a. abbreviations: see Table iL 
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TABLE 10 CPK for Each Organ in the Different Training 


Groups: 


Ratios and Scheffé's Contrasts. 


Means, Standard Deviations, ANOVA F 


Organ* Ser? Cer? Ter®? F Pa Contrasts 
IU/g lU/g U7 2 (P = .05) 
wet wet wet 
weight weight weight 

TA 28707 25uo° 2420 2.463 ns 
LOO 110 330 
P 2780 DUNG (meee 230. any 57 0405 ler sar 
340 1430 Xe) 
GM 2960 2340° 2350 Wiho2 0.05 Isr &Cer<Ser 
550 HO 410 
Ci, 2770 1960 1600) lua? 24 Cer < Ser 
460 350 390 Ter Son 
S 1040 1060 10 ee a737. ons 
220 170 90 
H 810 910 890 0.907 ns 
160 180 120 
7; Ton oo 17.4 Wee las5e une 
pS Oe On? 

ae a BDV, Ny IEE ES TOE 

a. Abbreviations: see Table l 
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TABLE 11 #£=AK for Each Organ in the Different Training 


Groups: Means, Standard Deviations and ANOVA F 


Ratios. 
Organ* Ser? Cer Ter®> F Hehe. 
Ty 2 IU/g IU/g 
wet weight wet weight wet weight 
d Cc 
TA 133 iy 132 0.082 ns 
61 7a 36 
p 1292 124 125° 0.012 ng 
62 Te 39 
GM 121° 122 126° 0.013 ns 
53 7h AL 
GL 118% 96° 113° De 6 S385 he 
52 62 38 
S 624 52° og’ 0.439 ns 
25 Bo? 28 
Hi 612 ag 71° 0.281 ns 
18 32 2h 
d Cc Cc 
L 20 19 20 0.066 ns 
3 by 6 


a. abbreviations: see Table l. 
Dae ao 
Ce alt: =e / 
“abe n= 6 


aninier? vaca ad anit ‘aba 
q<AVOWA “Bxs anoidatved nn 
ae 


pepe: 
625 ae ahr 


taNOT. 


Higbee tow tie fo saline “ 


7 an 


pea, > 


Si A0.6 
ae le = 
? 
“h eldal ass 
A 
\ 
i 
14 
fd 
at 
jen 


84 


TABLE 12 LDH, for Each Organ in the Different Training 


Groups: Means, Standard Deviations, ANOVA F 


Ratios and Scheffé's Contrasts. 


TA 


GM 


GL 


Cer Ter? F P< Contrasts 


IU/g IU/g IU/g (eo. Oo) 


wet weight wet weight wet weight 


587 452 69 24161. “ine 
164 123 136 

599° 500 503 1.567 ns 
111 152 91 | 

god Lo ilo 0.306 ns 
105 110 109 

505 362 Log? Serbo 8G Ob Garreawoer 
104 9h ‘lH 

me 138° 1176 0.459 ns 
LO Ew 25 

280% 289° Pup 0,024.) ne 
73 129 66 

B25 2464 300% Tze ene 
79 90 58 


i 


o0QaQo0 


abbreviations: see Table l. 
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TABLE 13 LDH, for Each Organ in the Different Training 
Groups: Means, Standard Deviations, ANOVA F 


Ratios and Scheffé's Contrasts. 


Cer? Ter? F e Contrasts 


IU/g IU/g IU/g (P < .05) 
wet wright wet weight wet weight 


ae a ae Se 

P ao as MBs 1.630 ns 

GM i 334 aM 0.976 ns 

GL et 315 a 3.667 0.05 Cer < Ser 
S We | a a 0.879 ns 

H 327° se 33H 0.019 ns 

L 279° 2078 258° 1.384 ns 


Srna nnn nn SL UUE EEE SEES 


a. abbreviations: see yey oud let 1 
Dae 1) 
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TABLE 14 LDH, / LDH, for Each Organ in the Different 
| Training Groups: Means, Standard Deviations, 
M-LDH (%) and ANOVA F Ratios. 
Organ* Ser Cer Ter? F P 
TA eet 1.26 1? 0.445 ns 
0.09 Ord Ovkl 
85.3 Ol 85.6 
Pp aeeicz he ies 1120 0.259 ns 
G2)? 0.10 0.09 
79.6 G2. 7 Sl. 
cM dees Wes les 2.182 ns 
awake Oi. U1 ae 
Fig 90.9 aly 2 
Gly Ll Take, ale: 0.045 ns 
0.08 0.2 Oni? 
C252 Gove fe 
S 0.92 0.93" 0.98° 0.538 ns 
Oie Onl 0.09 
DOE7 28.3 39.6 
H 0.874 0.90° 0.82 3.391 ns 
0.08 0.04 0.06 
14.3 OS a) 
if cess 1.20% 1.18% 0.095 ns 
0.10 0.06 0.10 
BOBS &: 82.3 78.0 
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see. Table. 
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TABLE 15 M-LDH for Each Organ in the Different Training 
Groups: Means, Standard Deviations, ANOVA F 


Ratlos endsochette's Contracts. 


Organ” Ser2b Cer? Ter®> a iy Contrasts 
IU/g. TU/g IU/g (Pe-2 05) 
wet weight wet weight wet weight 
TA 516 419 415 1.284 ns 
164 L26 136 
P ga’ 428 426 oan ns 
yay 123 80 
GM 3740 ov Bi comm 04 30c~ mane 
143 119 140 
GL 417 287 2308 2.258 ns 
135 83 19 | 
S Doe inate ee 0.092 ns 
54 70 20 
H go soe 8 3.884 0.05 Ier < Cer 
58 35 58 
if 264° 210% aide 1,760. wens 
7 68 7 


abbreviations:: see Table l 
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TABLE 16 H-LDH for Each Organ in the Different Training 


Groups: Means, Standard Deviations and 


ANOVA F Ratios. 


Ter? 


IU/g lU/g IU/g 
wet weight wet weight wet weight 


0.505 


SS Va5) 


2.082 


O75? 


0.828 


0.760 


Doe ral 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


TA 89 WL 68 
ney 89 97 
E ion 90 97 
120 78 86 
GM 135° ho 120° 
99 81 106 
GL 110 9h 88° 
82 81 80 
S 109 113° 80° 
50 65 Lo 
H 290% 253° 327 
145 116 118 
1 68° ec 694 
oh oO 72 
() 2p rE Soe es 2 ee ee 
a. abbreviations: see Table l. 
tee n= & 
Ge m= 7 
Ge hs 6 
earn = 5 
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TABLE 17 Total LDH for Each Organ in the Different 


‘Training Groups: Means, Standard Deviations 


and ANOVA F Ratios. 


ab ab ab 


Organ ser Cer Tgr F P 
IU/g IU/g IU/g 
wet weight wet weight wet weight 
TA 605 160 499 2277 ns 
170 128 145 
Pp 624° Lake 498 2.462 ns 
105 165 65 
aM 5094 Lig 466° 0.536 ns 
103 pa 111 
GL 516 381 Noo -2.916 ns 
124 104 LUG 
S 147 ae 1330 0.392 ns 
ho 59 5p 
d ¢: 
H 8 5 sys" SES) 0.060 ns 
es 154 86 
a 340° pen 3149 i. 578 ns 
| 91 97 70 


Sn nn nn LEE 
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abbreviations: see Table l. 
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TABLE 18 Weights, Metabolite Concentrations and Enzyme 
Activities in the Different Organs: Means and 
Standard Deviations from Combined Data for All 
Training Groups. 


Db 


Variables®” TA P en GL S H L 


Wab 990 253 94695, Tht 
(mg 89 5Y 100 V2 35 132 3276 


Wn 
ON 
nr 
fa 
nN 
N 
‘S 
aol 
Pas 
Wwe) 
we 


Wrel Lee 1-02 els aie OM 0.45 265m. 20.00 
(mg/g) 0.23 0.15 O227 0.37 0.08 0.34 yet: 
ATP 5.5 5.0 She 4.8 3.5 4.2 
mmole/kg 0.8 Oca Tee 0.8 0.5 0.4 
PC 1823 WS 16.3 14.2 9.0 5.5 
mmole/kg 3.0 4.6 3.1 Ee) 23 Lae 
RTP IPC +2947 197 Bias 19.0 12.4 927 
mmole/kg 3.0 to? 3 a7, Sele. 256 1.6 
CPK 2590 2490 2560 2210 1080 870 14.2 
(IU/g) HL Is 5 56 17 16 Bo? 
Aes | (128 126 123 108 59 66 20 
(IU/g) 56 5? 56 SQM sy yeh 25 4 
LDH91 503 531 452 426 128 279 292 
(IU/g) 149 124 105 119 39 89 80 
LDH3 412 hg 385 366 137 328 250 
(IU/zg) 130 a1 91 97 42 109 81 


mote, es 23) 7 es 0g) Orson Sno 


LDH3 . 

M-LDH 50 8 377 350 6 by 241 

(1U/g) 144 126 129 ist Lg 57 os 
ue 87.2 Bi. , BOMGMMIEG Os) iGo 2O. | ble eo .eemet7Z 0" 0 

H-LDH 66 104 94 99 ace eee 61 
IU 4 92 100 7 0 

; or 1218 18.8. 2010. s20clh = 66600) S74 mee cl.0 


TOTAL LDH 514 541 471 HQ 144, 343 305 
(IU/g) 157 ey, 108 124 Ta 109 90 


Pe a re ae aT Le Lea a) a ee 


a. All ANOVA F ratios for organ comparison were Significant 
(Pp < 0.001). | 

b. The number of samples per cell was between 19 and 24. 

@. Calculated from LDH» ,/1DH, and Figure 4 (Methods and 


Procedures). 
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Creatine Phosphokinase and Adenylate Kinase 
(Tables 18 and 19) 


CPK was much lower in the liver than in any see 
organ. Heart and soleus CPK were not different but had 
only half the values found in the other muscles. AK was 
twice as active in the tibialis anterior, the plantaris and 


the gastrocnemius as in the soleus, the heart and the liver. 


lactate Dehydrogenase (raples 18, and®9)) 

IDH,, was found to be lower in the soleus than in the 
heart and the liver awe highest in the other muscles. For 
LDH, the pattern was low activity in the soleus, slightly 
higher activity in the’ Liver and highest activity in the 


other muscles including the heart. 


The percentage of M-LDH and of H-LDH from Total LDH 
as indicated by LDH, ,/ LDH, ratios was lower in the heart 
and the soleus than in the liver and other skeletal muscles. 
M-LDH activity was found to be lowest in the heart and the 
soleus, much higher in the liver and highest in the other 
muscles. H-LDH was tines times more active in the heart 
than in any other organ. Total LDH was lowest in the 
soleus, two times higher in the heart and liver and approxi- 


mately three times higher in the other skeletal muscles. 
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CHAPTER V 
DISCUSSION 


The discussion will be divided into the following two 
sections: differences between selected muscles and liver 
and. the chronic effects of exercise. For each of, the 
selected parameters, differences between sampled muscles 
will first be analysed in order to compare the data in the 
present study with literature values. This comparison 
between sampled tissues Wilieresuliaimea classi ricatdon 
that should make easier the following discussion of the 
chronic effects of exercise on the selected parameters. 
Differences Between Selected Muscles and Liver 

Tables ls and 19 

Since the enzyme and metabolite concentrations usually 
vary. from one fiber type to another, it is appropriate to 
identify the fiber composition of the muscles selected for 
this study (Table 20). According to the classifications 
Weed) by Ariano et ale= (2973), Barnard et al. (1970a), 
Edgerton et al. (1969 and 1975) and Peter (1970), it can 
be seen that except for the soleus which is predominantly 
composed of SO fibers, other skeletal muscles are mostly 
composed of FT fibers with equal proportions of FG and FOG 
fibers. The soleus and the other skeletal muscles will be 
identified as the ST soleus and the FT muscles in the 


following discussion. 
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TABLE 20 Literature Values of Fiber Type Composition of 
selected Rat Skeletal Muscles. 


Muscle Reference Fiber Types* (%) 


S10) FOG FG 


TIBIALIS 
ANTERIOR Ariano et al. (1973) 2 66 32 
Close (1972) 15=20) )oh0  suoeis 
PLANTARIS 
otal Ariano et al. (1973) 6 53 AT 
Superricial Edgerton et al. (1969) 15 10 75 
Deep } Edgerton et al. (1969) 20 25 cs 
GASTROCNEMIUS 
Total Schmalbruch et al. (1975) als 50 30 
Medialis Ariano etal. (1973) 1 38 58 
Lateralis Ariano €t. al. (1975) 5 B77 58 
Muller ( 1974)** Untrained 9 19-53 38-71 
Trained ee 34-50 38-55 
SOLEUS Ariano et al. (1973) 8h 14 0 
Baldwin et al. (1972) 96 y 0 
Close (1972) 85-90 10-15 0 
Edgerton et al. (1969) 80 20 0 
Schmalbruch et al.(1975) 94 6 0 
Muller (1974)** Untrained 86 13 ) 
Trained 96.3 hese ) 


EET EL SA A EE eee 


* Slow twitch oxidative, fast twitch high oxidative 
glycolytic and fast twitch glycolytic respectively. 


** Estimation from another classification. 
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Before considering the tissue or muscle differences 
for each of the studied parameters, it is worthwhile to note 
that the enzyme ratios (i.e. LDH/CPK, AK/CPK and LDH/AK) 


found in this study agree with those reported by Pette (1975). 


Lactate Dehydrogenase in Various Tissues 

As the assay techniques as well as the enzyme activity 
units vary from one study to another, activity ratios are 
more useful than absolute activity in comparing the validity 
of the present results with previously published findings. 
As a whole, this study (Tables 18 and 19) revealed that 
Total LDH activity was the lowest in the soleus (144 IU/g), 
2X higher in the heart (343 IU/g) and the liver (305 IU/G), 
and approximately 3X higher in the other skeletal muscles 
(440 to 541 IU/g). Karlsson et al. (1975) and Sjodin et al. 
@O76b))reportediithat totakialDipsi sisproportiionals to he Z% 
of FT fibers which are mostly composed of M-LDH, as was 
also found in the present study. However, heart was not 
studied by these investigators and this muscle does not seem 
to-ero Lliow. A similar trends? Whe, method forucalictlatine total 
LDH in the present study may partially explain this differ- 
ence. Total activity is the summation of M-LDH and H-LDH 
activity calculated from LDH activity at low and high 
pyruvate concentrations which were found to be optimal for 
H-LDH and M-LDH respectively (see Chapter III on Methods and 
Procedures). In other studies (Karlsson et al., 1974b; 
Peter et al., 1971; Sjodin, 1976a), total LDH was measured 


at one pyruvate concentration. It is possible that M-LDH 
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has been favored when compared to H-LDH. To illustrate 
tovoerationale, a comparison of the LOH values for the 
heart and the gastrocnemius lateralis (Tables 18 and 19) 
Can be made. Por LDH at high pyruvate concentration, the 
gastrocnemius (426 IU/g) is much more active than the heart 
(279 IU/g), which is consistent with the proposed lower LDH 
activity in ST muscles. However, for LDH at low pyruvate 
concentrations, the heart (328 IU/z) igs similar to’ the 
gastrocnemius (366 IU/g); also, Total LDH for the heart 

343 IU/z) and the gastrocnemius (440 IU/g) was not signifi- 
Cantly different. Thus the ST % alone appears insurticient 
moe explain the level of Total LDH=activity. “Ft is specu- 
faced. that the LDH distribution! pattern might be, partially 
aGeleast, explained by the actual state and povential or 
oxidative activity of the muscles as well by their ST %. 
For example, FOG portions of muscles usually have a lower 
LDH activity than FG portions, although they have the same 
percentage of FT (or ST) fibers (Baldwin et al., 1973; 
Pevemscet al., LO/7ly York et ain 19074). “The GOH activity 
of FOG and FG muscle portions behaves reciprocally with the 
muscle’s oxidative capacity, as measured by different 
markers such as citrate synthase, carnitine palmityltrans- 
ferase, cytochrome a and cytochrome c activities as well as 
the pyruvate Lamia and palmitate -u-le oxidations 
etianan eb Gadi LOAeeis 197.7a.and . psHolloszy.set al LO 6s 
Peter et al., 1971). Such a relationship is also supported 


by the two following facts: firstly, muscle samples from 
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endurance-trained athletes have been shown to possess 

higher oxidative capacity and lower LDH activity compared 

to muscle en the same FT/ST fiber ratio found in sedentary 
subjects (Karlsson et al., 1975; Sjodin et al., 1976b) and 
secondly, the heart, with the highest oxidative capacity 
(Baldwin et al., 1977a; Holloszy et al., 1975; Peter et al., 
1971) also has lower LDH activity than FT muscles (Tables 

18 and 19), and even FOG muscle portions (Peter et ali, 
1971). Since the oxidative capacity of the soleus is 
intermediary between the FG and FOG muscle portions, and 
much lower than the heart (Baldwin et al., 1972a, 1977a and 
Dewtolloszy et al., 1975; Peter etal. 711971) jethe oxidative 
capacity of the muscle cannot explain the low LDH activity 
Or “the ST soleus found in this study and) confirmed ‘by others 
Gealawin et al., 1973; Pevermeteaiy, (1970). Uhus,, both the 
oxidative capacity and the percentage of ST fibers appears 
to regulate the LDH activity levels. It is possible that at 
high intensity, work is carried out more by the FT muscles 
or fibers and less by the ST muscles or fibers, which would 
in turn, explain the lowest LDH activity of the soleus. In 
the other cases, and as long as the oxidative potential is 
not reached, ihewene Een demand must be met either by the 


aerobic or the anaerobic metabolism and the higher the former, 


the lower the latter. 


Besides the small differences that have been described 
above between Total LDH and LDH measured at one pyruvate 


concentration, the two values generally agree. From this 
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point of view, organ to organ ratios are similar to those 
reported in the literature for the rat and guinea pig 
(Baldwin et-al/, 1973; Doty"et al. ; 1971; Golinick et°al., 
1961, 1967; Hickson ét al., 1976; Peter Ural. fo7 ls 
Puc ce, Cl divs (ko( op YOLK EGL Oey 9 /4g 7 7. ono) ond 
human skeletal muscles (Gollnick et al., 1974; Karlsson 

eu al., 1975: Sjodin et al. ,..19768 and /b)..-There.does not 
seem to be much difference between man and rodents although 
rabbit livers contain 40% M-LDH compared to 95% and more for 


Man and rat (Fine et.al. , 1963). 


M-LDH% values were similar for the soleus and the heart 
(X = 23%) and much higher in the liver and skeletal muscles 
(X = 8%). This finding agrees with other reported values 
for.the rat, guinea pig and human (Fine et.al., 1963; Hirota 
et al., 1976; Peter et al., 1971; Plageman et al., 1960a; 
Sjodin.et.al., .1976a.and bi Thorling.and Jenson, 1966; York 
etal, 1974, 1975, 1976). ,Thus, these results ‘support the 


effectiveness of the assay technique used in this study. 


Creatine Phosphokinase and Adenylate Kinase in Various Tissues 
As shown in Tables 18 and 19, CPK and AK were generally 

much higher in Pr skeletal muscles (2500 and 120 IU/g : 

respectively) than in the ST soleus (1080 and 59 IU/g), 

the heart (870 and 66 IU/g) and the liver (14 and 19 IU/g. 

These findings are in accord with the muscle to muscle 

activity ratios for rat and human tissue reported by others 


(Bernstein et al., 1973; Dieter, 1970; Jacob et al., 1964; 
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Haralambie, 1972 and 1973; Kleine and Chlond, 1967; 
Newsholme and Start, 1973; Oliver, 1955; Pette, 1971; 
Staudte et al., 1973). In general, CPK and AK are higher 
in FT muscle as compared to ST muscle. Such a specific 
pattern might have some implications for the effects of 
chronic exercise on these enzymes. 
Adenosine Triphosphate and Phosphorylcreatine in Various 
Tissues 

ATP and PC values in the present study showed similar 
patterns of difference from one tissue to the other and 
are as high as the ones reported in the literature for rat 
and human (Degenring et al., 1975; Fawaz et al., 1962; 
Herris et al.., LO74;-Hultmancet al, 19677 Kariccon, 197143 
Leunissen and Piatnek-Leunissen, 1968; Keul et al., 1972, 


D. 322,-Pool et ial. gul976s.Poune),, (1.968) cRabinowitz randeZak , 


a2 


1975; Swynghedauw et al., 1960). Thus, the difficult problem 


of rapid tissue fixation (particularly in the heart) seems 
to have been avoided. Ve shown in Tables: 18.and 19,,.PC 

is twice as high in FT skeletal muscles (14 to 18 mmoles/ 
kg) as in the ST soleus (9 mmoles/kg) and the heart 


(5.5 mmoles/kg). 


In general, it can be stated that the glycolytic (LDH) 
and high-energy phosphate transferase enzymes (CPK and AK) 


as well as the ATP and PC stores are higher in the most 


anaerobic tissues. 
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The Chronic Effects of Fxercise 


Before discussing ene chped fel OR chronic exercise on 
the different parameters, some general aspects will be 
analysed. Firstly, the training effects reported in this 
study cannot be qualitatively characterized since there 
. were no growth control eroups in thre study. Bain other 
words, although the trained groups might have a higher 
enzyme activity than the sedentary groups, which is a real 
difference, it cannot be stated that training has increased 
the enzyme activity because it may have prevented a possi- 
ble decrease in activity with aging. Nevertheless, it 
seems appropriate to discuss the differences between the 


experimental groups. 


Secondly, the fact that training was slightly reduced 
at the end of the training period might have a reversing 
effect on the parameters studied. However, as judged by 
the exhausted state of the rats after each training session, 
it-was felt that the rats were still overloaded. Barnard 
and Peter (1971), who also had to reduce the training load of 
their animals, reported that cytochrome a and c continued 
to increase Ea aes wil: reduced work load. Thus, reduced 
work load might only have slowed down the improvement rate 
or maintained the activity level. The reasons for such a 


decrease in training load are not understood at the 


present time. 
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Body and Organ Weights (Tables 4 and 6) 

As found in other studies (Baldwin et al., 1972; 
Crews et al., 1969; Dowell et al., 1976; Edington and Cosmos, 
wove Gollnigiret tall), 196l sara L967. Holos PIr967 : 
Hubbard et al., 1974; Oscai et al., 1971; Pattengale and 
_Holloszy, 1967; Rogozskin, 1976; Ruhling et al., 1973), 
endurance training reduced by 15% the usual weight gain 
found in sedentary male rats (Table 4 and Figure 5). This 
adaptation supports the effectiveness of the endurance 
training regimen used in the present study. Sprint training 
has been shown to inhibit rat body weight gain to a similar 
extent. Staudte et al. (1973) have reported a 10% decrease 
mierat body weight after 2] daya@ef Sprint training and 
Rhuling et al. (1973) observed a 6-8% decrease in rat body 
weight after sprint training as compared to 14% and 4% after 


endurance running and swimming respectively. 


The week by week rate of weight gain for trained and 
sedentary rats is depicted in Figure 5. Some points fell 
off the curve at one time or another. These variations 
appear to be normal as judged by other published curves 
(Booth, 1972; Freminet et al., 1975; Mayer et al., 1954; 
Muller, 1975) and surely reflect the precision and sensi- 
tivity of the mechanism of correction by successive compen- 
sation (or the long term regulation of the energy balance) 


discovered by André Mayer (Mayer, 1968). 


Other possible explanations for the week by week abrupt 
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changes in body weight are 1) the irregularity in the 
weighing period time, 2) reduced population of the experi- 
mental group due to occasional death of a few animals 
(Table 22, Appendix B), 3) uncontrolled variations in diet 
or other living conditions of the animals under the care of 
the animal service of the University and 4) variations in 
the training load that were continuously adjusted to the 
estimated exhaustion levels of the rats. For these reasons 
and because the objective was to study the main effect of 
the exercise regimen on body weight, a curve of best fit was 
utilized. The exact causes of the abrupt changes remain 


to be however elucidated. 


ses weights were also nt aan to see if training 
induced hypertrophy. The absolute weights of the organs were 
similar in the three experimental groups (Table 5). However, 
the reduced body weight of both training groups may have 
masked organ hypertrophy since the relative weights of the 
organs (e.g. organ weight in mg/body weight in g) were higher 
in the heart and skeletal muscles but not in the liver of 
the trained groups (Table 6). Heart hypertrophy after 
endurance running and more particularly after endurance 
swimming training in rats is well documented (Baldwin et al., 
1977a; Codini et al., 1977; Dowell et al., 1976; Gollnick 
et al., 1967; Hepp et al., 1974; Oscai et al., 1971; 
Penpargkul and Scheuer, 1970; Walpurger andAneer ,/197720) . 
Heart hypertrophy has also been reported after sprint 
training of the rat (Baldwin et al., 1977a). In skeletal 
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muscle, endurance training does not seem to induce hyper- 
trophy (Baldwin et al., 1972 and 1977b; Holloszy, 1967; 
Oscai et al., 1971; Pattengale and Holloszy, 1967). Muller 
(1974), however, has found hypertrophy of the rat soleus, 
gastrocnemius and rectus femoris after 12 weeks using these 
same training regimens. Muller's findings do not differ 
very much from those studies previously reported. For 
example, as for most of the previously quoted studies, 
Muller used female rats and found no statistically signifi- 
cant difference for the body weights of endurance trained 
and control rats. Nevertheless, Muller believed he should 
use relative weights to evaluate hypertrophy. No significant 
hypertrophy, as judged by the absolute weight of the muscles, 
was reported. With trained male rats, which definitively 
differ in body weight when compared to control rats, 
absolute weights of the muscles cannot be used to assess 
hypertrophy unless the trained muscles were heavier than 

the non-trained muscles, which is usually not the case. 
Thus, relative weights were used in the present study, and 
significant hypertrophy of the muscles was observed. The 
only known study (Staudte et al., 1973) reporting the effect 
of sprint training on rat heart and muscles weights might 
have been too short (21 training days) to be conclusive. 


Nevertheless, no hypertrophy was found. 


The use of organ to body weight ratios, as in the 


present study, has been questioned (Dowell et al., 1976; 


olheea 


resci2e 6a) seh toda (Ey cial ibe te appara) vbute in 


aren esubil, oF aaen- 46c8 ae6h 3 
<-. #§TS0@L .vsrentink AVC Se 800 fi 
moiit i(900i Jeeeekeek Bae gi 
<mreloqn Férs- Oay So spat oe a a 
et unine eseow 20 See@e eieeeee ston too sl 
por ob oaribet? ~\asiignt reneged B 
tT o7rex hol verg solbytn co 
57 0s yiavol verse od Ie sane 0%: 28 19: 
irortsl tate erbrypot bee atte. siome boa 
“vous hte tow. ybed cod sot 
otied teLluM,,. eesiediuengh votes 
rwiiteqyn eisrlare 67? ie Laney 
few gtiulogds et ¥ boybui, as S A 
iw say ex sient hocudaent hk ‘ 
‘aGn. OF De =Sques techy Tietow my ie" ee 
ai) #ennss eoloeum end to. etiistow 2 dite 
et by teintiaiid Dothary edt geefeu | a gee aa X i 
ot yf fama cea Ao belw uotonue (hone . ft 4 
Sie .v inétetd: oe sit boa »#tow ‘atratow hee 
Lee“) Y Ge es 


Dboyvieed6 giv salem oily +9 wiaors requ —_ 4 - 
on) 


J 


Sigia siceicw colosam Bas heen TAL 110 stttmbead take 
sSViawigne> 20 ott (an Skee IS) taoe oot ona 
| chemse3k ai Morwrmgut "He canning 
Lane er as 
. ort asc Bi ~poliai > ARiow ited o? img. to- es ro. 


wena » ig tg Idevoll) der daca ribs. 


104 


Gollnick et _al., 1967; Héroux and Gridgeman , 1958; Muller, 
1974 and 1975a; Tanner, 1949). The heart weight, for 
example, is not linearly proportional to the body weight, 
and the use of heart to body weight ratios might reveal a 
false hypertrophy if, as is the case for male rats, there 

is a concomitant decrease in body weight. The use of female 
‘rats or food restriction techniques are often used to avoid 
this problem (Baldwin et al., 1977; Holloszy, 1967; Oscai 
ec al. 1971). - Otherwice: linear or better, Logarithm 
regressed weights must be used (Dowell et al., 1976; 
Gollnick et al., 1967; Héroux and Gridgeman, 1958). However, 
the absence of significant correlation between the organ 
weights and the body weights made uncertain choices of a 
regressed weight equation. The lack of significant corre- 
tation Was probably due to thersmall cell size. ~Thus, it 
was decided to use relative weight. As far as skeletal 
muscle is concerned, the use of muscle weight to body weight 
ratios is justified since muscle constitutes the major 
portion of the total body mass (Heroux and Gridgeman, 1958; 


Woller, 1974 and 1975). 


There is one more assumption involved when relative 
weight or regressed weights are used to assess hypertrophy. 
It is assumed that the rest of the body, or more accurately, 
its comportments (fat and lean tissue), as compared to the 
studied organ, are changing in equal proportion. For 


example, if the fat is decreased as a results of training, 
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which is probably the case in the present study,* the organ 


to body weight ratio will no longer“indicate hypertrophy. 


True absolute hypertrophy is not completely excluded 
and may be necessary to meet the overload since muscle cell 
proliferation is’absent in adult muscle tissues. This seems 
to be the case in pathological myocardial hypertrophy where 
the contractile properties of the heart are depressed, as 
opposed to physical training which improves the contractile 
properties of the heart (Dowell et al., 1976; Hepp et al., 
1974; Penpargkul and Scheuer, 1970) and often leads to 
myocardial hypertrophy as reported earlier. Skeletal muscle 
might incur some degree of hypertrophy with physical train- 
ing as indicated by increased fiber area (Gollnick et al., 
Po7o0; Gordon et al. 1967;0Nulter, 1974). This increase 
in cell size with chronic but intermittent exercise is 
probably within the optimal and critical cell size (Goss, 
1966; Hubbard et al., 1974 and 1975) and differs from 
permanent compensatory overload hypertrophy (Baldwin, 1977b; 
Dowell et al., 1976)... Ctucourceyeune, relative proportion 
of sarcoplasmic and Ae radials proteins may change 
without external hypertrophy with training (Gordon et al., 
1967). Edington and Edgerton (1976, pe 230), Goldberg et al. 
(1975) and Muller (1974) have reported some occasional 


hyperplasia (fiber splitting or development of satelite 


* Although fat % was not assessed in this study, the 
decrease in body weight after training is usually the 
result of a decrease in fat % (Booth, 1972; Crews et al., 
1969; Mayer, 1968). 
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cells) concomitant with skeletal muscle hypertrophy. In 
conclusion, both training programs used in this study appear 
to have increased the relative weight of the heart and 
skeletal muscle, but-not of the Liver, 
Lactate Dehydrogenase Adaptation to Chronic Exercise 
(Taples 12- to 17,.Appendix F) 

From the two way analysis of variance (Appendix F), 
all the organs of both training groups have lower LDH and 
M-LDH activities as compared to the sedentary group. As 
training might have an opposite effect on LDH in different 
preans, (Baldwinvet al, (1072 ‘and 1973; Golinickset al. ,..19061 
moe l967*) York, tual. 197.0 1975 andy1 OVO jwand as) the 
analysis pools together all organs, a more stringent look 
at the results indicated that the main effect was due to 
changes in FT skeletal muscles and liver since either no 
change or a reversed trend was observed in the soleus and 
in the heart. One way analysis of variance conducted on 
each muscle revealed, however, only a few significant 
training effects (Tables 13° to 13): |The fact that pooled 
data from the various, muscles and liver resulted in signifi- 
cant Breccia in y greater number of cases, is acceptable 
from a statistical and mathematical point of view since 
pooling increases the degree of freedom and decreases the 
variance of the sample. Such a difference between one way 
and two way analyses of variance illustrates the necessity 
of larger sample groups, particularly when the coefficient 
of variation (CV) is large, which is the case with LDH 


teh 
activity (CV = SD x 100X ~ = 30%). 
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Lactate Dehydrogenase Adaptation to Endurance Training. 


The present results are consistent with the literature which 
either reports similar effects or no change with the utili- 
zation of small sample groups (n = 10). For instance, 
Baldwin et al. (1972 and 1973), Costill et al. (1976), 
Hickson et al. (1976), Karlsson et al. (1975), Suominen and 
Heikkinen (1975) and York et al. (1975) reported smaller 
LDH and M-LDH activity in FT muscles of endurance trained 
animals and man. In the heart, on the contrary, Gollnick 
et al. (1961 and 1967), Walpurger and Anger (1970), and 
York et al. (1975 and 1976) reported increased LDH and M-LDH 
activity. Other studies reported no significant effects of 
endurance training on the FT muscles (Bohmer, 1969; Bylund 
ebrakny;yl9773: Gollinickvetyala;eno6pachobliszyy, 29O7Li Mole 
et al., 1973; Morgan et al., 1971) as well as the heart 
(Walpurger and Anger, 1970) and the ST soleus (Baldwin 

et al., 1973). It is interesting to note however that in 
all these cases, there was a tendency to follow the specific 
adaptation pattern reported previously. It seems that the 
small sample size used in these studies might have lead 

to a type Il error. The lack of Significant training 
Pei eht also be the result off-different exercise con- 
ditions. For example, Walpurger and Anger (1970) reported 
a 15% and a 10% increase in myocardial LDH activity after 
endurance running and swimming respectively, but only the 
15% increase was significant. Although the duration of the 


training regimen might affect the amplitude of the LDH 
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changes as shown by York et al. (1975) and =1976).) this does 
not seem to be the case for the present study where the 
training lasted two months Ton eeer tne others reported in 
the literature even though the intensity (3lm/min, 8% slope) 
was Similar to other studies. (Baldwin et al., 1973; Gollnick 
beat. 1970; Holloszy, 1979; York et ala, 1O74 1075, 1076 ):. 
However, the duration of the training session was at the 
lower range of the reviewed studies which might partly 
explain the few significant training effects observed 

(TX ANOVA). On the “other hand, Gollnick et al. (1970) and 
Fitts et al. (1975) have reported improved oxidative ca- 
pacity of rat skeletal muscles with running training sessions 
Of similar intensity and duration. “In any case, the general 
tendency with endurance training appears to be a LDH de- 
crease in FT muscle, an increase in the heart, and an 


increase or no change in the ST soleus. 


There might be some exceptions to this pattern of 
adaptation. fie ca keene factetha t straining didsnot change 
significantly the LDH activity in human muscles (Bylund 
et al., 1977; Morgan etval.5 O77 Ss jodim et ale, 1976a and 
b) and the fact that endurance trained athletes have 30 to 
68% less LDH activity than sedentary subjects, would suggest 
some kind of genetic selection. However, training effects 
are not excluded since athletes are usually in a trained 
state for many years whereas training studies usually last 
only a few weeks. Thus, duration of training regimen 


appears to be an important factor that has not been fully 
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investigated. Again in each case reported above, there was 
a 6 to 22% decrease in human skeletal muscle LDH suggesting 
that the training regimen might have not been long enough 

to affect significant changes. This might also explain the 
apparent discrepancies between human and rat studies, where 
(in the latter case) endurance training significantly 
meduced the LDH activity of FY muscles as reported’ cartier. 
Indeed, the life span of.a rat is much shorter than that of 
a human (1/15). A second fact that might also explain this 
human-rat controversy. is that laboratory rats are relative- 
ly sedentary animals when restricted to normal cage activity 
whereas human control subjects are not. Thus the differences 
between "Sedentary" controls and trained subjects might be 
greater and more easily significant in rats than in humans. 
In any case, all reviewed studies, whether dealing with 
human or other mammals, never show apposite trends. 

Only one study (Zika et al., 1973) reported a significant 
inerease in the biceps brachii of rats trained "tonicaily." 
The undescribed nature of the training regimen as well as 


the sampled muscle make further discussion uncertain. 


At the beginning of the present study, it was believed 
that the use of a more specific LDH assay technique (see 
Methodology chapter and this chapter section entitled 
"Lactate Dehydrogenase in Various Tissues) would yield 
more conclusive results. However, as shown by the two way 
and one way analyses of variance, this study simply con- 


firmed what has been previously reported for endurance 
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training in FT muscles and the heart. It appears that the 
large coefficient of variation of the LDH values (30%) 
whether methodological or biological, as compared to other 
parameters (15% for PC and CPK), is a major problem in this 
study, and a larger "n" might improve the experimental 


design. 


Heart muscle does not usually increase its oxidative 
capacity with endurance training (Baldwin et al., 1977a; 
Mowioszy, 19/75) Oscar et al., 197/7b). The heart, 16 continu- 
ously active and is probably closer to the genetic limits 
of its oxidative potential. It is therefore possible that 
any substantial increase in the work load and energy demand 
is met by an increased glycolytic capacity. In the skeletal 
muscles, the specific LDH adaptation may be explained by the 
specific recruitment of fiber types. With endurance running, 
glycogen is depleted faster in ST fibers as compared to FT 
fibers (Gollnick et al., 1973a and d). Also ST fibers are 
innervated by the smaller and more excitable motor neurons 
and are therefore the first to become active (Edington and 
Edgerton, 1976).. Finally, the tension level might have 
been relatively higher in the ST fibers as compared to FT 
fibers or muscles. Therefore, the ST soleus has to increase 
or at least maintain both its oxidative and glycolytic 
capacities to meet the extra energy demand of endurance 
running. On the contrary, FT muscles working at a rela- 


tively lower intensity increase their oxidative capacity 


which results in a reduced LDH activity. 
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To summarize, it seems that endurance training 
increases Total LDH activity, and more specifically M-LDH 
of the heart, decreases activity in FT muscles and retains 


Or possibly increases activity in the ST soleus. 


lactate Dehydrogenase Adaptation to Sprint Training. 


As stated earlier, both intermittent and continuous 
training groups showed similar LDH adaptations. High 
Mbensitysqshort dumations (iveausprint training iss Jess 
well documented in the literature. Mixed skeletal muscles 
of sprint and strength trained athletes have been shown to 
have higher LDH and M-LDH (Costill et al., 1976; Karlsson 
eayalsand 97.5) ee% None, of thessprintatraining, studies. on 
humans were able to demonstrate any significant LDH in- 
creases (Sjodin et al., 1976a and b; Thorstensson et al., 
O75) 28 One thes other handse Spr intatrowningedn animals 
either bone LDH in mixed skeletal muscles at the same level 
(Siteudte et al.ij.« 1973) om deeneasecdiit, (Hickson et al. , 
1976a; York et al., 1974). These trends are similar +o 
those reported in the present study. Sprint training has 
also been shown to induce opposite trends between humans 
(Costill et al.', 1976; Thorstensson et al.,.1975) and, other 
mammals (Bagby et al., 1972; Saubert et al., 1973; Staudte 
et al., 1973) for other anaerobic enzymes, such as myosin 
ATPase, phosphorylase, triosephosphate dehydrogenase, PK, 
PFK, AK and CPK in mixed skeletal muscle. It must be said 


however that the equivalence of the sprint training regimens 


between animals and humans is not clear. 


— 


| Gisa od teu 32 .sinuon | +oitte fexdia at 499 bre 4A) ze 


he 7 “a PG 
% vg initia Jat "¥ ait bie aq lavtepe = a. P 
onmigtget yt: nee > aime le att a : 


AGIA vilesiiicecs stow Bae ¢ . f 
eniate: ine eoloacm TS me esl 


‘lng? of gottetgsbA pmeaas i 

ti bree trots Larereh dtog aokkaas | | 
enohrm gabe Ho ad tattate bawote enery 2 
iatiec’! (Pnture me (ost wish ‘}yorla nat 2 
+248 Genie eet eeS ES, oak ak sermauoot 
‘vei eevoldta Beales? ignents bas : ae 

_ ts te {Lite03) HOI-W foe MOL 3 watt 
tiles tal 18 ent to Sow . N@r a4 8 its 

cof PhRALe vite ‘ofeutentesd oe, afds o10W u fi 
tao? (d brs el ht rca oo mbbota) 88 ; ot 
oimient tatage , brsae tedto oat no Bi 7 i 

-ofoetim Latelete bexia mt war’ ashe 

rE ; a) 9a Repaesean %0 Ceved eee fe: 
efi soem anon | Caer on te. fr0¥ 

ing ‘hits ¢neaguq’ edt ni betsoyer & 

Shem qoayl od. afme—e stemmgO ‘poubsti of, stworie need « 


sad7o bag | aj Lh “2 Jo Hn otataitergnt raver ite Paz) t2teged) 


sual vee «th tg Sind SCC J ke de wlyet) tema 
risoya BM Gove ,eanyete ofG one gitus tadto 108 caver de 
AT ,saeregonlydok otcieendreeneeg . saat exodqaodg "9 


st | 


ee 
2 ; 


. ; v ee : we u 
. a ee oe So ry ays ; 


Aye 


In humans, the energy sources of running at different 
Speeds are well documented (Astrand and Rodahl, 1970, 
p. 314; Gollnick ana Hermansen, 1973; Margaria, 1972). 
However, it is not certain that sprint training programs 
as used in animal studies (Bagby et al., 1972; Fitts et al., 
povese Hickson et abe, 1976a and bp; Ruhling et, als, 1979; 
Baubert et als, 71973; eovaudteret al. , 1973) are mainly 
stressing the anaerobic metabolism as originally intended. 
The duration and the ratio of the work/rest intervals of 
these programs are quite different and the aerobic metabolism 
might have been the principal target in some of these train- 
ne programs when the total duration of the work intervals 
were long enough. In the present study both forms of 
training, continuous at 3lm/min and intermittent at 70-75m/ 
min with a work/rest interval ratio of 1 min to 4 min, 
resulted in similar changes in body and organ weight. Also, 
it has been shown (Léger, 1975):1) that such intermittent 
training could be more easily done than the continuous form; 
2) that peak blood lactate was similar in both forms of 
training in the rat whereas;3) humans can hardly double the 
speed at which they can run continuously for 1 hour, when 
training intermittently with the same work/rest intervals; 
4) that humans had also higher blood lactate with this 
intermittent work as compared tothe continuous form of 
running; and 5) that the blood lactate concentrations after 
such form of running (9 umole/ml) are somewhat lower than 


the ones reported by Baldwin et al. (1977c) after a 5 min 
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run at 48 m/min on a 17% slope (14.4 u mole/ml) and by 
Saubert et al. (1973) after 20 x 30 sec run at 67 m/min 
interspaced with 30 sec rest intervals (19.4 u mole/ml). 
This demonstrates that the intermittent training used in this 
study did not fully stress the anaerobic metabolism of these 
rats. More than the speed, the duration of the work/rest 
intervals appears to explain the lower blood lactate levels 
of the present study as the longer rest intervals (4 min) 
might have permitted the complete resynthesis of the PC 
stores before the start of the next work bout (Fox et al., 
1969; Hultman et al., 1967a; Margaria, 1972; Piiper and 
Spiller, 1970). Fedak et al. (1974) have shown that the 
energy cost of running is double for bipeds as compared to 
quadripeds who are more efficient at higher speeds because 
they possess more gait options, passing from trot to gallop. 
The energy sources of running rats are unknown at the 
present time and may not follow the same pattern as humans. 
It has been reported that rats can run at 160: m/min eames 
book of animal records), well above the speed used in this 
study. On the other hand, Ruhling et al. (1973) and 
Hickson et al. (1967a and b) have estimated the physiologi- 
Gal. ,limit Fat 100 m/min for rats in @ running wheel. Saubert 
et al. (1973) have estimated 50 m/min to be the speed that 
corresponds to the VO,max of the rats. Nevertheless, 
Hickson et al. (1973) found similar decreases in LDH 
activity of FT and ST muscles with both sprint and endurance 


training with a concomitant increase in fumarase activity. 
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These authors used a work/rest interval ratio of 1/4 as in 
the present study with work intervals of 10 sec however, 
and the speed of the ean oe was set .atx99"m/mim.! «Tie 
intermittent training used by Staudte et al. (1973) was 
even closer to the present study: the speed was set at 

80 n/min, slope, at 303 work intervals, at 45 sec with at 
least 1 hour rest between the perepe titionss« After .2lfdays 
of training, Staudte et al. (1973) observed no change in 
LDH of ST and FT muscles. In view of the half-life times 
fom LOH atFritg vet ral., 1969 and 1973), 21 days may have been 
too short to induce any LDH changes. Baldwin et al. (1977a) 
found greater oxidative capacity improvement when using 
continuous running with interspersed sprints as compared 

To, cteady state running training. “Other studies disclosed 
no difference between sprint and endurance training in 
animate (Bagby et al.y 10 72smotoweb alie19074; Runling 

uy @ilkees 1973). This information suggests that some form 
of sprint training may stress the aerobic metabolism more 


than the anaerobdic metabolism in rat muscles. 


Saubert et al. (1973) did not study LDH, but reported 
an increase in other glycolytic enzyme activities (e.g. 
PFK, PH, PK) in the soleus but notiin the red and white 
portions of the gastrocnemius. Staudte et al. (1973) also 
found increased glycolytic activity in the soleus but not 
in the fast rectus femoris. Even with endurance training, 
Baldwin et al. (1973) and Holloszy et al. (1975) found an 


increased glycolytic activity of the soleus instead of the 
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usual decrease found in the mixed skeletal muscle. It 

seems that, with previously reported types of sprint train- 
ing, the ST soleus behaves reciprocally to FT muscles for 
the same reasons discussed for endurance training.) at. is 
not excluded however that, with other forms (i.e. more 
strenuous) of sprint training, FT muscles also increase 
their glycolytic activity as suggested by the higher LDH 
“activity of highly trained human sprinters (Costill et al., 
moO; Karlssonvet ala, 19751) so jodin et ale, 129760; Thorsten 


son et al., 1974). 


Another ‘point iin iretat lon ito isprint training We the 
smaller total training time as opposed to continuous 
endurance training. This alone may explain the fewer 
Significant LDH adaptations with sprint studies. LDH might 
be less rate limiting than other glycolytic enzymes and take 
more time to adapt. It has also been shown that LDH has a 
longer half-life than other soluble proteins (Don and 


Master, 1975; Fritz et al., 1969; Schimke, 1973). 


As far as liver is concerned, two way analyses of 
variance indicated that chronic exercise decreased its LDH 
activity. The decrease in total LDH was more closely 
related to M-LDH than the H-LDH. This is unexpected since 
liver is usually seen more as a site of lactate oxidation 
rather than a site of pyruvate reduction (Keul, 1973; 
Rowell, 1966 and 1971). However, 1 X ANOVA revealed no 
significant changes; therefore, one must be cautious in 


explaining any changes observed in liver LDH with training. 
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Metabolism of High Energy Compounds and Chronic Exercise. 
Endurance and sprint training regimens used in this 
study failed to increase the high energy compound stores 
(ATP + PC) in Sny of the studied tissues (Tables 7 and 9), 
except for a slight ATP increase for the endurance group 
as seen from the pooled data from organs (Appendix F). On 
the other hand, intermittent training did reduce the ATP 
stores by 10 to 15% as compared to the other groups in all 
tissues except the heart (Table 7 and Appendix iy.) othe 
training regimens were not more sufficient in increasing 
the. CPK and AK activities ttaple 10 and 11). (On the: contra-— 
ry, CPK activities of the fast twitch muscles were generally 
depressed in both the continuous and intermittent training 


groups (Table 10 and Appendix F). 


The concentration levels of high energy compounds and 
enzymes might not be very important limiting factors in the 
kind of work loads used in this study, assuming the overload 
principle of adaptation to training. The ieee of changes 
in PC levels of the skeletal muscles after continuous and 
intermittent training is consistent with the findings of 
Karlsson et al. (1972) and Thorstensson et al. (1975) on 
endurance and sprint trained humans respectively. On the 
other hand, this lack of increase in PC stores as well as 
theacslight decrease in ATP devels of the skeletal muscle of 
the sprint trained rats as opposed to the endurance trained 
rats are at variance with the findings of Russian workers 


(Yakolev, 1965; Yampolskaya, 1952 as quoted by Haralambie, 
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9/72: and Rogozgskin, 1976)% Since: the details of the 
experimental design of these authors are not known, it is 
hard to make any Pohnent abuaewpresent. time. vel and ST 
muscles appear to behave similarly in this study although 
reciprocal trends have previously been reported by Gale and 
Nagle (1971). The PC levels reported by these authors as 
well as their sampling technique and statistical design are 
however questionable. As far as ATP is concerned, Karlsson 
et al. (1972) indicated an increase after endurance training 
in human skeletal muscle, whereas Bohmer (1969) reported no 
changes in rat gastrocnemius after swimming training which 
Ley consistent: with therpresent) study.oUtiis poseible that 
these discrepancies simply reflect a statistical artifact 
(small "n" and large variance) since there was an increasing 
tendency in each case. The nature of the training regimen 
as well as the subjects (humans or animals) might also be 
involved. Nevertheless, it seems that endurance training 
either increases the ATP level of skeletal muscle or has 

no effectiion its Witheprint@trainines the present study 


revealed no training effect on muscle ATP. 


In the heart, endurance exercise (Degenring et al., 
1975 and Scheuer et al., 1970) and other forms of experi- 
mentally-induced hypertrophy (Rabinowitz and Zak, 1975) 
usually result in a decrease or no change in the ATP and PC 
levels. This is in accord with the present study which 
demonstrates no training effect on myocardial ATP and PC 


with either endurance or sprint running. Gangloff et al. 
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(1961) reported a PC increase in the heart with training 
but their sampling technique as well as the very low 


published values are questionable. 


As far as CPK is concerned, the present study supports 
the absence of change found by Walpurger and Anger (1970) 
but is in opposition to the increase reported by Wagner and 
Gratz. (1970) is. the heart of endurance trained animals. 
Heart CPK after sprint training does not seem to have been 
investigated elsewhere. In the ST soleus, the present 
findings support the absence of change reported by Dieter 
(1970) but again are opposed to the increase reported by 
Wagner and Critz (1970) after endurance training. Since 
details. of. Wagner: and) Gritz!s study (1970) were not explacit- 
ed.(4..6, abstract).,,1 tio worthless, to. speculate on their 
Gesults.: .ln, sprintetrained Tats potaudte et al. (1973) 
found an increase in soleus CPK but not in the rectus 
femoris, whereas in the present study CPK was found to stay 
at the. same level in the soleus and to eee oh geal 
muscles. This decrease of CPK in fast twitch muscles in 
sprint trained rats is also in Opposition with the increase 
found in sprint-trained humans (Thorstensson et al., 1975). 
The 5 second duration of the sprint intervals used by 
Thorstensson et al. (1975) as opposed to l.minute intervals 
in the present study might have imposed greater and more 
exclusive stress on the CPK reaction. This is supported by 


the concomitant absence of change in LDH and VO,max reported 
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by the same authors. Also, as discussed earlier, sprint 
training regimens might not be equivalent in man and animals. 
The decrease found in FT skeletal muscles of endurance 
trained rats is also in opposition with the increase 

(Wagner and Critz, 1970) or the absence of change reported 
for endurance trained rats (Bohmer, 1969; Dieter, 1970; 
Oscai and Holloszy, 1971) and endurance trained humans 


(Suominen and Heikkinen, 1975). 


To summarize, it seems that ST and FT muscles behave 
reciprocally with either an increase or no change in ST 
muscles and either a decrease or no change in FT muscles 


with training depending on the nature of the working loads. 


The fact that AK did not show any change with continu- 
Ouse and intermittent. traimineg se consistent with findings 
of Oscai and Holloszy (1971) in the gastrocnemius of 
endurance trained rats and the findings of Dart and Holloszy 
(1969) in the heart of rats after experimental hypertrophy 
(arteriovenous fistula). On the other hand, Walpurger and 
Anger (1970) reported a 50% and 30% rise in cytoplasmic 
myocardial AK after endurance swimming and running training 
respectively. The present data indicate a nonsignificant 
20% rise in heart AK after intermittent training. As was 
the case for LDH, the large coefficient of variation (30- 
50%) might have hidden a possible rise in heart AK. In 
this regard, it is interesting to note that Thorstensson 


et al. (1976a and b) reported either an increase or no 
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change in strength trained human Skeletal muscles on two 
different occasions using the same training regimen but 
different subjects. The only known sprint study carried 
out with humans (Thorstensson et al., 1975) is consistent 
with the absence of change in AK of FT skeletal muscles 


after intermittent training. 


The absence of change in liver CPK and AK does not 


appear to be documented in the literature. However, this 
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pattern seems consistent with the apparent lack of function- 


al significance of liver CPK and AK in exercise. 
The Effect of Chronic Exercise on Anaerobic Variables 
in Rat Tissues 

Although the previous discussion revealed many 
unexplained discrepancies and many concurrences with liter- 
ature data, there appears to be much more consistency when 
looking at the total metabolism. It seems that the usual 
increase in oxidative capacity after endurance training 
(Baldwin et al., 1972; Benzi et al., 1975; Fitts et al., 
joy 5s Colinick et aly, 2070; sHolloazy, 1967; Mole et al., 
1973; Pattengale and Holloszy, 1967) is more important for 
fast twitch muscles and can explain the decrease in LDH, 
M-LDH% and CPK and the absence of change in AK and high 
energy compound stores. Such a reciprocal behavior between 
oxidative and non-oxidative enzymes has been previously 
reported by Pette et al. (1973). These authors found a 
decrease in LDH, M-LDH, CPK and AK activities concomitant 


+o an increased oxidative activity in rabbit fast twitch 
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muscles stimulated intermittently for 8 hours a day. On 
the other hand, the increase in the oxidative capacity 
might be less important in the heart (Baldwin et al., 
wAadesyHoOlloszy, 1975a;% Oscai, et.al.', 1971b) and in the 
soleus (Holloszy et al., 1975) which would explain the 
retention or the increase of LDH, M-LDH and CPK activities 
of these muscles. As Baldwin et al. (1972 and 1973) and 
Holloszy et al. (1975) found similar increases in the 
oxidative capacity of the soleus as compared to fast twitch 
muscles, a higher intensity of work for the soleus might 
also explain the LDH and CPK activity retention in this 


muscle. 


That intermittent and continuous training have similar 
effects on LDH, CPK and AK activities and oa PC stores 
suggests that many of the selected forms of "sprint training" 
in animal we Pee Se might be closer to endurance or con- 
tinuous training. It is not excluded however that more 


strenuous forms of sprint training would bring more specific 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 


Summary 


In view of the importance of anaerobic metabolism 
in some forms of physical activity, and in view of the few 
and conflictingrrelated studies, itiwas decided ‘to investi- 
gate the activities of the M and H forms of LDH, and the 
high energy compound stores (ATP + PC) and their regulatory 
enzymes (CPK and AK). These parameters were studied in 
the following tissues: liver, heart, slow twitch soleus, 
fast twitch gastrocnemius, plantaris and tibialis anterior 
of rats. Three experimental conditions were established: 
1) a continuous endurance training program known to 
encrease the oxidativercapaecrtyorstne tissues; 2): a high 
speed intermittent training regimen using a 1 min work and 
a 4 min rest interval intended to stimulate both anaerobic 
glycolysis and high energy compound metabolism; and 3) a 
control or sedentary regimen restricting the rats to normal 


cage mobility. 


The results indicated that similar adaptative changes 
occured for both training regimens. The forms of "sprint" 
training used with animals are still empirical and very 
unclear. Both training regimens resulted in a decreased 
activity of LDH, M-LDH, and CPK in the fast twitch muscles 


(tibialis anterior, plantaris, gastrocnemius), without 
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altering their AK activity and PC stores. In the heart 

and slow twitch soleus, LDH, M-LDH, CPK and AK acess 
as well ad PC stores were retained after chronic exercise. 
No LDH, CPK and AK changes were present in the liver. Both 
training programs reduced body weight gain and increased 
the organ weight to body weight ratios of the muscles but 


‘not of the liver. 


It seems that the increased oxidative capacity usually 
found with endurance training in rats (Baldwin et al., 1972; 
Benz! et ali, 1975¢eFittewreteals 7 Ulo75; "Golinick etal. } 
1970; Holloszy, 1967; Molé et al., 1973; Pattengale and 
Holloszy, 1967) might explain the decrease in LDH, M-LDH% and 
CPK and the absence of change in AK and high energy compound 
stores. On the other hand, the absence of adaptation for the 
oxidative capacity of the heart as found by Baldwin et al. 
(19774), Holloszy et al. (4975)5,holloszy (1975) and Oscai 
et al. (1971b), would explain the retention or the increase 
of LDH, M-LDH and CPK activities. ~in the soleus, retention 
of LDH and CPK activities were explained by a higher rela- 
tive intensity of work for this muscle as compared to other 
muscles since similar increases in the oxidative capacity 
of the slow twitch soleus and the fast twitch muscles were 
also reported after endurance training in rats (Baldwin 
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Conclusions 
Within the limitations of this study, the following 
conclusions were drawn: | 

1. Non-oxidative metabolism in heart, liver 
and slow and Tast twitch muscles is affected in a similar 
manner by high speed intermittent and low speed continuous 
training in whe daporatory ac: 

zee oOLOW UWktCh ana tast twitch muscles appear 
to adjust their non-oxidative metabolism reciprocally with 
sprint and endurance training; 

3., Lhe: large coetiicient, of variation found with 
some variables and different results found with the one way 
and two way (pooled. data) analyses of variance indicate 
the need zor larcer eample, os Zea ULure,. Studies to avoid 


possible.ctatistical artifact. 
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Appendix A, contains an illustration of LDH iso- 
enzyme separation with polyacrylamide gel electrophoresis 
(plate 2). From such a separation, M, and H, LDH were 
analysed at different pyruvate concentrations to find the 
respective optimal pyruvate concentration (Table 21 and 
Pioure 0), - For further details, see Chapter Il] ,/Methods 


and Procedures. 
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TABLE 21 Optimal Pyruvate Concentrations for My and 
Hy LDH in the Rat.* 


PA H) eons M, LDH** 
-(x1077¢m) (aa/mn) (%) (aa/mn) (%) 
0 0 | 0 0 0 
5 0.065 29.5 0.010 25 

2 OO 69.2 0.015 SWS 

3 Oxz20 200 0.031 77.65 
5 O27 98.4 0.036 90 
10 03220 © G0 0.040 100 
20 0.182 82,5 0.040 100 

LO opal 50.5 0.029 72 va 
100 0.065 OWE 0.020 50 


* M, and H, were electrophoretically separated from 
néart and skeletal muscles of the rat. 


** Average of three values. 
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SABun 22 Body Weight Progress for Training Groups: 


Means and Standard Deviations. 
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This appendix gives the raw data for each group, 


organ and each variable-.in the. following order: 
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APPENDIX D 


TRAINING GROUP COMPARISONS FOR BACH 

DEPENDANT VARIABLE AND TISSUE: ONE 

WAY ANALYSES OF VARIANCE AND OTHER 
RELATED STATISTICS 
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This appendix contains only those among the 89 one 
way analyses of variance, that revealed significant differ- 
ences between, groups. scherre's contrasts. are also shown. 


ANOVA Tables appears in the following order: 


1. Wabs (BW) 

2. Wea) GEA. Se PencM (EH) 
Spay Mie (TA, GM, GL, S) 
ts OPK (P, GM, GL) 

5. ‘LDHoreacae) 

6. w LDieie GL) 


7. M-LDH (H) 


On the COmputer prVnt—-ouLeoer, Cer and ler are 
represented by No 3, 2, 1 respectively. 'Movenntet and 
"Heart-type" are the mean and standard deviation. Scheffe's 
eontrasts (alpha (j) = aletavGiemeres sicnificant at 
Pi= 0.05 whens their confidence Gntrerval are both positive 
On necaetive in. whichocase enoupe jets larger or smaller chan 


Proup 1 respectively, 


— 
y 3 
ee 
: 
. 

» 


mo C2 aid pane ‘Seay e vantaands x kbstagy 


= ~y 


ett | ofl ine natedee ves i$ “Sone trey 


Pt 


7 we 
+ t2afROe g ‘wt taitoe .8qQueota 


bus, grtwellot eit ai écivsesqqe mre: a 
me i a: — > =, 


. i) - - 2 oe 
te . i 
ey ' 
oe | 
ae 


ae, Yl 3 il wnt & : 
f 4 ‘a: o 
e os “ee 
A / 
' 5 {} « i 
rs chee | se 
' ; e 3 Li «= 3 
Wi siteus — re 
eee 3 Ae ¢ 
a; Z 
a ; 


am 
ATR "Fs i ree % iw « .ac : eiO— 304 G “a vigmos wid no” 7 


e “anneyo eVsevisosqaet LS 2k On, ee ‘qs 


a 


Visca” .fnebiéives Bishiusis Orne neem sig ote Moquiatt yl 
ei 


—--. 


eesitmate ena (65) siete . ~ ey adgis) esa 10 


20g fJod eta Levesse! sonobltnee “ods, nedw | 20.05 


‘ 


; | 
fs TO “SBtsl ee: i Quotes see 


18: 


! 
eee = a ee Wy, Bye Saas woe = 
Dit (ECR E Shy 
sity SIAL ee Sie SST ONG ERS YP Ogi mB, ees ANSP HO ay OD SoS LOU ON snd OA a ean gia NE 
LOVEE Sit. T 
Sater S15. 5260 49n,n 517.6 Stn,n 512.0 
fie RROMPeE aSlbe a 
597s 0 o 50.6 Sate) 7TS3:00 659.0 615.0 590,00 
GROUPE wshiMphi 4 ah Matis Stu ,1es ECArTef Ypres 48,99 
NST UU Ns SE AE ES IETS 48 8) ES NES ES AS ST El Sh Ye a ee a 
GReOPE NA tp Ri a AVE Nie = beuyneS PC42 TaTYpE= 69.654 
COV i Re GEE wALES Sn4,eSu 
PC 1) 23.0 5125 
Daca ATR 2 4 ree 
ALPrA( 3) bi, 875 
Nemeetitor S he ST iieCs (Ci Gries Saat 
—— oi to eG AG Ot ‘ a 5 os 
N= Renee ME SOS | (il eek SE Se Y : 
ba OT ) Stier slp Sohne ary Sitti efor 4 Ce ena) eyf oon ed nan P2000 
R=) BEL C SSMU Stine Ss Hil mmotine MSiah7 ‘ as “oy Ly pe Ra reat faeces ee 
Rye ars ert APS D6 Seris e117. eS Vcbeti7s CS a gS =9.6?5 $34,625 
Sure So OL "S r 


DRAG HKARAEH ERA DH eA HAH aR AER ARA RAR HR RAR RAR AE HR EeR EAE RHE AAR ARES 


a4 STUCE RUS 2 acl TLE HOS TA Fe 


Ee. TRE Les 
GRUMPFS 
ERX FUR 15966 SE FOS 2) sQRus SE FOR 


KKH K MRR AR ERARRA AR ARAAERAR ER AAAERAAARARG ARR AARD HARADA SA ARE wHAP ARE 


THTAL »lUs4UE V6 24 
PARE CAVCUbErIDe Pil, BST = oe Te ae aS) ei ee SO cas th I Ra le BO Sp 
— Se gan 
CAtrul wes EO reASteES Ee SCHEER E. CA® LO RYP OTHE Se) HO BST REE Ter AVEC COME FFF $,4700 


MUP HiGee)) = ngl eC a) = C =70,3338, 70,0838) 


AMG Ree AE SONS 1B eect Pe Oop Olen Oe) 
Dee PH 8) = SE PH 3) = Co i ne ee 


ad { 
2 
Acie i memes dé 
, ome 


Swell lane » 7 
y | har we Ah Pe ) Onan oh 9 Pel ; 
Lame sal om fede Ape reais ae 


ra va y* : : 4 
“Ai Agito Nady Lachine dog tt Ankinane of 


~ 


A . 


el Pi ao % ae 
y veer P| + al 


& 
ys ast a 


= z 
LRG, 0 eaten isan <a eae kaa tae i a a hI | ae LEH See bi he, SC ee. Ee 
NS A LES Y DU pene SONT 


N= 6 LES Y DU GRouPE SONT 
Jf ers) 2,0 Nye 2,0 9 Ate! 2.9 
NS ARLES VY Dil GROUPE fan oe ba r i ¥ Give fae o i oe na 
Peo 1,6 es Wai? ee 1,8 1,8 1,8 
GROUPE NUMER 1 MOYENNES 1,824 FCARTsTYPF3 neeo 
GROUPE NUMERO 2D HOYENNE S 1,884 FOARTR TYPES 2098 
GRouee NUE RA 3 MOV ENNE Ss TH 61S —~FCARTS TYPES 2coT Se 
MOYENNE GENERALES 1,774 
ALPHA( 1)= 2 
2 TENA GE 8 | ihS ¥, 
ALPHA( 3)5 °, 
N= AR LES RESITOUS OU GROUPE SONT r : 
otal Sli NE ING is ae meee ele ra eee 2180 2250 e,i42 #5135 
N= 8B LFS RESTDNS DU GROUPE SONT 
#199 #,122 21048 2025 9116 = ,016 3,084 089 
ATE UR a) ALS a 12S ES) SS ey nia eae 
#,976 =, 042 2561 2296 =,392 were 2t4i secs 
ee Se SOURCE Sis ot 4 $ F 
EAE TEE AAR REAR HARKER REAR HEH REAR EEREARRAKEEARAARRERERAMKED 
ENTRE LES 2 SI845E 400 2 21 5923E4+00 3,635 
GROUPES 
ERREUR eFIDTEE S00 21 eU3TIEECOL 
KAKA ARATE HEN MR ARR ARE RAR A ERA AAA RAHA ERA REE ERA RH RRA RRR 
TOTAL el2382E+0} 23 
LA VALEUR CALCULEE oF PHI EST ames 
CALCIIL DES CONTRASTES DE SCHFFFE rAR L"HYPOTHESE HO EST REJETEE AVEC COMME FFF 33,4668 
hk Gaar_D SRL ET clad) GOED > Da, a RPA aly PLN Da peg sm 
ALPH( 5 eo NLP MICl hy) a7 iC ©, UASR, -0673) 


_ALPH( 3) © ALPHE 2) 2°, 5405, 49065) 


= gma Looe - 
— 
agata 7 
42 
_ — 9 
"i4 aX 
pate *Aaveawarranies 
re ie alto bese & 
s 
y 7 
tae deep oo 


re Miata aint ne tt Pee 


* Perea Sree capi) ra p49 
a (Tee ' ‘ 


— 
‘ 
5 
” 
5 
- 
? 
7% 
‘*\« 
4 
*< 
a 
ts ir 


97° sans, 


einer 1 oe 


ee 


. 
2 


‘ a: 
Rm ee ei ai 
5 ap 


Tie 
ie 3 
LES NCCT )is R 8 2» ye EERIE ie = > ee oat ‘ate Woe 
N= BLES Y Pll GROUPE SONT 
ET Nee ge Sg ete, ee 2 eat > | os ie ee ee 
N3 6&8 LES Y¥ DU GkNUPE SONT . 
Vent hee) at Cat 1,9 1,2 {,9 Yai 
Rime PEG Y SETI, IcauGh UE Cape co GLEN: Tae hc hie cis PRE rea ~ Jdsekinaalin-aste ee 
28 1,1 28 Avge i) 1.0 o? 1,0 
GROUPE MNUMERQ MOYENNE S 1,038 FCARY@ TYPES ,i4e 
GRONPE NEME RAD MOYENNES 1,090 FOART@IYPFS 1054 
GROUPE NUMER( ~ 37 MOYENAFS 9S OCMC AAR Tw TYP EE awa it oe errr 
MOYENNE GENERALE® {,044 
ALPrA( ie 2024 
ALPwa( 2)x 2076 
“ALPHAC 3)57 fim, Or = 
= 8 LES RESTDUS DU GROU'E SONT : 
Re OU ie ee Ol. 2 SO 2954 2135 2153 e,043 053 
= ALES RESIOUS DU GROUPE SONT 
e,f3 08 2007 =, 000 °,070 ARTY ©,043 6,002 
N= EF CES RESIDNS OD GROUPE SINT 
2 on9 4179 "157 .238 282 2950 =,021 20614 
ae SE Sue ee es DL —=NSr F 
TAKKAHAR HA REARAAHKERATRHHEKARA KAN AHE RAHA AKER AK EAKAA aH ARE HAAR AKH RE 
ENTRE LES a1 S086E 400 2 »S5229E «01 3,733 
GROUPES 
ERREUR 2 30699E400 2} ~17T4H7OEPOL 
BRAKE ERAT RAKE REREERREAE RAN AMER A RAR RK ERRAR AAR RK RE RRIR RA 
TOTAL e49745E400 es 
LA VALEUR CALCULEF DE PHI est 3,577 


ALPH( 3) @ ALPH( 1) 2 ( ©,2983, 09%) 


AUPtHOs 3 i= AUP? ot A. 9 SADT oO) 


ay 
sinless ’ 
. 6 
k 
* M, 
. 
sa 
Ae, 
5 
¢ : 
‘ 
al -” 
bad 
s 


a af 


j 7 & a ‘ A La 
ae er a ee Sr re nt Sey) ss + - — a op) ag = 


Md 


a i de anh rer 
aa me af i ye . “stanly 


y 1 ene anne 
ao : ‘ as ‘ 


er, vor n eee | 4 a@pe@r 1. @ ype yee 4 i 
i 2 . -: 


= =) : 4 A a ' , 
ai asia pee: Rae 
aay wa "seineoe wri ee » 


HPAe.t alana ate av suae vw ne 


sn ce aD gg a ene tas ow ar ee 


ae | ee ee ae a ee . \ ee 
( 7 at 
ee el ee oe eT _) 
et) 
X 


aceite ty neha 2 mii ee 


— (NOE ee I sh eae 
pee. 3 
CEStiGhi =! (A aeakere teas 5 ae 
NG 8 LES Y Mil GROUPE SONT 
NZ BtLFS Y Di GROUPE SONT 
Cee 2,4 2,4 2.2 253 2,3 2,4 2,3 
Naber icos Vib GRouee SOUNt@as =o = fee 5 ae eT + : a 
2.0 2,0 Ret 2,3 {1,4 2,0 {cig rare | 


GROUPE NUMER 4 MHOYENNES 2,293 FCARTeTYPE2 i182 
GROUPE NIIMERA 2 MOYENNE Poe | ECARTeTYPFS 087 
GROUPE NUMER 3  “GYENNGS > TV,9S6 — <ECARTSTYPES co Oman a aT 
MOVFRNE GENERALES 2,187 
ALPHA ( 2 ei 0? 
ALPHA( 2@)s aaa 
PEPHAGSS js  ~ | ©,25{ is a ain ; Int SAL 
NS 8 LES RESINS Dil GROUPE SANT 
eee 8 © DO I ea Whirl SUMO 2245 Pea) e,176 9,038 
= BLES RFSIOIS SU GROUPE SONT 
#050 2022 ett «i170 =,022 201k 2091 0007 
N= 8 CLES RESIOUS DU GROUPE SUNT 5 
2103 ~o4e wees CDEE ~,573 2106 2,007 2173 
= 4 = ‘ SOURCE $§ os Oe oo *g- ae ——— 


PRA AME AR RARE NEPA AK RAR KAA ERA ARM AMARA H AMAR D ARERR HAB ARRAS 


a) »TS100E+00 2 »38050E +00 9.296 


ERREUR 285954E400 ea e4OSS0E"O1 


REKRAR TEAR EEA REY EWR DAMM AK ERR ERE EEK AR ARR HH 


TOTAL 11620SE4+01 23 
LA VALEUR CALCILER ODF PHI EST 2,489 A Se eee aS INE ERE Bites 1 ed ST 


CALCUL MES CONTRASTES DE SCKEFFE CAR L™HYPOTHESE HO EST REJETEE AVEC COMME FFF 3,4666 


ALPH( 3) # ALPH( 1) = 6 #0237, »,0910) 
RECON Siro IL OTRe RE ue BON ing ey ee eg tee ee ee ae eg ee ee 


: rae fi ain i 
ihe wig tig a8 Sea Ts P 


beisbban¥ vila Laci a “4 
= veer 


Wii 


if : 
u j , 
" ye) ah 
‘ Le ae 
7 : bi 
e i) ¢ 
a. heuer. 


p 3 
» : a a! 
7 i at Hae yh, 
¥ ] 


| he aT Pes! 
- its ve tt. 
a nl Gey pmaer 


——— 


iz % 
SGESeCN = - 7 sac 6, °F ig eae Tee 
N= 7LeES Y DU GROUPE SONT 


aN Nga AN gO RUE ups Te eag Me eel Oko 2 We Si Oe Ob yew OR UF pon 

N= 6 LES Y DU GROUPE SONT 
2.6 beh) 333 ae eat 2.4 

MemerGui ron ao Oh tate be SUINMio: mia 9 ama ae nr 
2.35 2,4 20 2,3 2,3 2,6 

GROUPF NUMERN 4 MOYENNES 2,809 ECART@TYPES cen 

GROUPE NIMERM 2D MOYENKIE = Diglue ECAR TwTYRES woe: 

GROUPE NIMERO ¥ ~__ ¥OYENNE = bce ECART’TYPES Aish 

MOYENNE GENERALES Capployen) 3 

ALPHA 1)3 2180 

ALPHA 2)= 9098 

AGERE Sis «, 508 


N> 7 LES RESIDUS Ot) GROUPE SONT , 
oo Eee Ge Ph ea eee US: @#0\t ee Se ABT 2 
NE 6 LES RESTOUS OU GROUPE SANT 
© 096 2,250 aie! 2,069 2194 @,335 
Nisei antes Riris FOr s. (O00 att OMe bs olla mom aes wea emma a 
#957 alice ©,305 2,003 ©,061 7280 
a Sey 7% SOURCE $$ Ot Widens F 
KREKRKEKHHBKKAAEMRARARAAKERAAKKAARAREREAHAKARRAKKEARKEKR HAART RAL 
ENTRE LES 2AS458E400 2 e42729E 400 5,814 
GROUPES 
ERREUR eil756E+01 16 «7 3490E@OI 


TOTAL el2OS0UE +O) 18 


RHHAR EH HTHRRAANHAAREARHHAEARERAARRARA MAHAR EAKEAAAAARMAAR EA AAKAARH 


PADVEREURSCALCULEE DEOPMI PESTO 1,969 


—— 


CALCUL DES CONTRASTES DE SCHEFFE CAR L"HYPOTHESE HO EST REJETEE AVEC COMME FFF 


3,6337 


CMOS ALO MG Treaty “Se ckCoe OSLO wT ae es tt geet 


2, AIND, 2,0817) 


ALPH( 3) = ALPHC( 1) 2 ( 
ALPHitoe Si ue SLPH(s 2): tale 9, eR te 0858) 


,* eI 
re ore es dered ee 4 seems m4 1p Perce gene: rime Gees benee ay ont 


. . eee eT 
. Y - « 5 


—" | 


ee Le Fr aot antl eaeems | babii enenaeeennaeenaeaall 


celta ME AE cM TA NO ee ee iia, Mea 


KET ASS RHALRREREN EA > Ed PERRAOER EKER PP ES OFFS « 244096980 POR Gcerd ere 
natant reer meats te 


‘eine abe rent, ‘ rere y iy “haatany? hae 


ingernans a en ee sl ee eeialio 


a owe pene 


mnie att jaedeetels — woaeea 
Rrehunde ymtsd ie AWeN Shien sAAMEAN NINNNY 91) ognee aN ENS Pott or 
cay BOs Sa eX, arer) ) 


. 


Jct igh seit hel 


he en tT yfens hein aaa 
M 
. = om, ca pt Atta ctediebsisade dias —t — acne ates nat ilineniar 
vs « 
P “Pe 
wa are eat cea aaet scr La apenee Bi 6e6 eee 
ate 


eo 42 at “at she 125 On she (AAR: rer 


Sateen i selina ie a oye a Lee. i 


‘ ; “a ; bey, 7 ‘ : : tte e ee 
s r ' oe ee a < q JX 2 . i F ‘ ; yale 


ee 


am = mp 
fed z 
Bese NiUity a: =n + a har eet mE ad aS ahve 
NE BLES Y Dt!i GROUPEE SONT 
eg nn eg Die ee ee re elena YU.) sae Ti) ce eee 
N= 8 LES Y DI! GROWPE SONT 
6,6 4,6 6,3 5,0 7.3 Sas 5.0 6.4 
Nem iriiteer sy OW GROUCE SON Ye Ge ol ccs, ie ay ae if a ay a 
6,9 5,8 5,4 SAE 6,7 Lge) Bec) « 5.4 
GROVUOE NUMERA { MOYENNE BS 4,864 FCART=TYPES ABE 
GROUPE MUIMERM 2 MOYENNES 5,844 FCART#TY®FS 927 
GROMVOF HIIMERA 3 ~OYENNE Ss §,785 FCART®TYPEZ iy ie 
MOYENNE GENERALES 5,497 
ALPHA( 1)s =,634 
PACPHN EC 2))5 PATA OPI oe we ee om 
ALPHACT 3)5 2288 7% 
Ne A Les RESTODIS Dit GROULF SONT 
ems tee a ON bE ee Se LON ee AS Rie ean ee = ,654 =, 164 
NS A LFS RESTDNHS OY GROUPE SQONT 
766 e1,et4 2406 ~, 824 1,456 2 594 = ,564 2566 
N= BLES RESTING MIT GROUPE SONY iia 22.) Sane |) ee: te : is 
APES #6945 Dany Sis)e) aya 2905 2,245 415 «,375 
Cis ae aaa : Un (eee aay SOURCE © ISO. eee met Wig nigr art aas as a 
KEE K HER AREDHHEKEHEKRAARRAAHHHARHKATAREAARANARAARRMRERRHRARARKS 
ENTRE LFS eHBUSSESO1 2 »s24167Es+O01 5,475 
GROUPES 
ERREUR eBbOZBUE OO] 21 2411355E400 
REARKHEHRERE ARAM HAAR REA AR AT AARAAEA RARER TARR ERHAAR RAH KRARE 
TOTAL el Sd7eb +02 23 
LA VALFUR CALCULFE Pe PHI EST vt 


CALCUL DES CONTRASTES DE SCHFEFF CAR L™NYPOTHESE HO EST REJFTFE AVEC COMME FFF 3.4668 


PTAneRe crew ALPAt 1) 2 C »T35b% Yr, Seay 


ALPHC 3) © ALPHC 1) = ( sOTER, lee Ostia) 
Rae CES york PC 2) fe SS 


iy 7 ; 
' Lay Brie 
et; a J se 
Pal) Poh ® 
Ds ee ai 
‘ ra) soa Pv ve 
7, : ’ rat See 7 TRE asthe abe! % 
- te ony exten ntnyallp hele 7 poe Sa a AS. i ee. oF Ve ss pee Sen, fo arnt, wih ae or 
4 
hes _ » nada pain ae ee yee i 
- i Line 
J wae 
{ Ps a * 
+ — pe Os) ‘ wits? - at as a is at ae 


a, ¢ yA 2.2 & a | 42 #8 
= ded 
, ree 4 ; ie bua 

ia a pve ON Dy vo ctw 
one gery Tee as ae. 

- 8 BA esnvrt 2 ~ Aw 

/ ites 

= _4 (pas 6a 

boil 
AG {iy# aad hes ‘ vie 1 “he 


ma th. — 
ia te PYM, TT *Q 9A 
. atl 
M - iy 
. aA he as ro f ’ — om t 4 ie ~ 
’ 
Pwreperee ECT ET) Ceara ee Ce Lt ed eee snae ceue Kees 


Fetp aha phates + iti cone ithe teellantnas 


- 165 SS haps Sl bacaha arial ape i 
te f Ties th. c (ove res ‘ta wet : 
ne ha © 
ys y 
‘ a_i + <= » he J MA + ee te 
toe eT Ts, ts Pesgnse we Pi ad 
SApdhecegunebtnakraw ss ¥ yen. ne dy eetine 448 havent: (tN Crew epee ened? 7 as 


#% shen RT 4 wabr , 
— et bd iioehA. M mw bie . ; 


a ree beApegee = sem ‘ wee jr ch. eat ote 
} 


pe on et EE a A Fae ‘ atte ere Me ee ales eet: 7 


os a 


adgage roe i © he ee on ee 


rT OF ‘be 
J 
Nee 
niet ¢ gg ee 20 eee , 
(ys 
p 


‘alba i Liens lances af ella oe ees ae m4 Mo . ~< meyer 4) an Raley + rr 5 


; 
! 


’ ‘ 


ae oe or . pm te ee ill DR tan a seal ET OT — ae. 


: 7 rie ¥ 
mig ty © ees i tol hentai LAL ALLA LL AA ALLL LALA ALAA LE —- (6 Ga? < - 


oe ee SBLOR Ae sku 2! Reena Ea o 
hs 3 
HELE 0 E-Onenaee «Seay iiacenit <a . per Sach a Sopa as r Rar T: Some TT apie are 
N= 8 LES Y DU GROUPE SONT 
“ SLIT AlN 5 otal ine chek Pd ee eee 4,3 3,4 5.5 355 MEL eae en 
N= 8 LES Y DU GRONPE SONT 
550 ee 5.4 6,5 Waa 5.6 4,8 6.6 
(es bebEo.Y DU GROURESUNT. = ass poms ered ms ai . ca 
| 4,7 5,6 a) u,3 ans 5,9 qed 4,6 
| ee 
IGROUPE NUMERM 4 MOYENNE 4,481 FCARTeTYOER 835 
GROUPE NIIMERM OD MOYENNE S 5, R00 FCARTeTYPFs 2894 
faimOueir MUM ER 9 <  . co MOVERME soe 658 0\Gen nmr FCARTaY YRS 1,130 er sai ic anaes 
| MOVENNF GENERALES 5,163 
681 
i Vg6h8. t ; 
2944 
N= 8 LFS RESTOUS NIU GROUPE SONT 
A eC a Pee oH09) Seed #1,08! 5299) ol, 22! inate 
iIN= B LES RESINOUS Dtt GROUPE SONT 
=, 820 © 650 =, 400 2660 1.500 5,010 e1,040 +760 
Ni Ros. Rk Stl Gn UuaGR OU reas tna SSeS 
| © 66 2,256 =, 306 © 866 ©,716 ,O44 2.534 #,366 
Sa a ar are ——_ S0URTE 58 =o = Uiseeoseeters F- ita 
ERARREHHE KARA AKA ERARAERH ARAM HHH REAR AMARRAAH AK RAR RA ARHAH RY 
ENTRE Boe ehOTI4E FOL 2 eSKBOTE*O) 3,775 
GROUPES 
ERREUR e1F410E+02 24 oF9A2451E 400 


ERAAREREE RA ARATE RARAA REAR RAR AKA ARARR ARAM EMRE AAAAARAE HN REKER EHH 


TOTAL e2O390E+02 23 


\CADVADEURE CALCULEE DE PHI EST 1,586 a ue tie!) ee ee 


jo rere 
CALCUL DES CONTRASTES DE SCHEFFE CAR L'HYPOTKESE WO EST REJETEE AVEC COMME FFF 3, 4668 


| 


, 


PORLPH2T © ELPRE TY = COSI Og DRS ye a a 


{ 


Fp a, We 0 em 
' ALPHC 3) © ALPH( 1) # ( ©5408, 1,9908) 
{ 


ALPH( 3) © ALPWC 2) = € 94,8595, ,6720) 


(ee ee 


tis 
Co 
a) 


¥ 4a 
s 
es 
er ee ee ee Pe ee eee . 
a " r . 
5 < 
r.;} 
, 
dy€ 4 i 
‘ ‘ 
a u) 
~ 
Z Shp platter onrsiqre vinta inedtipeh ™ ont . 
vy .* 
. — ems : ( Taree 
roe seein ihe airmen wont 
j Adie teaeinoilon 4 - 
i lente eee eee er 
’ e- 0  Ge rat 
oe bit ,a ; 
a A fie mt nlm tar mats 0 m 
eae." é ( 
nly = wien ie 7 
Poe Lee) Cy) ee es 2 oe 1 ee L¥4ids me a 


< ayo ’ ‘ pith ey 
Pe be 03+: ; 


ST. son aieens : (a+ sere #3 


ware eHGe as hake igh 


7 


‘Beet paatihusean SANA ty PAPA tS ae ts so 8 nee 


diel stip ot 
i . 
a) ah es eT ri amen erate tet » . n piped 
a: ei el > ees ~ + meena es a ae: of ’ oo doe 
hi 
heahat Tah MS GRVA Sar ks 1 be) Ok yAgatg 
i £ te) atau a psss qu ameht a Ayre 4 5 Tipe my 7 g 
ra 
ea tee li dete net aerate ie ar an é apd tae 
eye 
sara tte Pb — ar teh 4 * Sony om in ' ‘, “ : ‘ “¢ es 
we q , \ ie i D 
U 4 pay ai 


Sst Sees oes repo oakd Ud 1) AE a6 | [re eee 


) sd | ra oa : anit an aan a 
-§ ¥ Ol) GROUPE SONT 
SO eh es a Bn UAT OER: 4,9 4,6 nf 4,6 3,9 
ES Y 01) GROUPE SCNT 
uF 0 ; Le 5,4 4,5 4,4 5,0 
ES Y DU GROUPE SONY a ane 9 eae 
ay u,e Sel 4,8 4,4 a4 6,0 4.9 
‘GRANUPF NUMERO MOVENNES 275 ECARY=TYPFSs 1323 
GROHIPF NIM ERO 2 MOYENNE 3 eb ECARTeTYPFE aE 
(GROUPE NUMERO & &MOYENNER  &£«;x-G.829  ECART#= TYPES Pech Vl Fpateban cae ci 
\ MOYENNE GENERALE 4,788 
iNs 8 LES RESTDIIS DU GROUPE SONT 
eee ae ib ie St hay 3) “ee aes (QE ae | ©, 035 7,255 pei 9355 #495 eee 
'N= 8 LES RESINS DU GROUPE SONT 
©,60) = oid 2,199 079 Se) #73! 9,37} a,e71 
N= 5 CES RESTONS OU GROUPE St 
| ©,129 *,249 elet © 039 2,469 ©, 469 1,151 2081 
as. ie SOURTE Ss OL Tams: =P 
| PRERRARRRARAHHADRRARERHAARARAAHAKRREKMRAANAAHAAAEARARA KARA HAKHK HHH 
| ENTRE LES ,39{04E40t 2 21 9552E401 4,3ie 
| GROUPES 
b ese. — — — = = . = La 
ERREUR eI52P12E 904 2} 245339E+00 
i WAM EERE SR RKEHER HERA RAMA AA AHARRANAKARED AREER RARKEAHAAYRKAKEKRS 
pee aoe eR RRL RUG Soll ath Bal A Hi Solidi lie Se TTY 
| 


TOTAL s13432E402 23 


Riera. - Pie ene) 


WA VALEUR CALCULFF DE PHT EST 


——— 
‘CALCUL PES CONTOASTES DE SCHEFFE 


CAR LUMYPOTHESE HO EST REJETEE AVEC COMME FFF 


1,696 


3,4668 


| 


| 


/ Hin 22 Ge Wane i A GS WD Fa Fa OS Ty T, 5728) Seg ices NT a 


| 
{-- ee > << 
I PALPHG 3) e CAUPHO 1) @ 


©, 3328, 
PE NY We, ALON (SOY SC meh Sg eg Oe 


| 


1,4403) 


| 


(ae 2 er 


188 


ro + 
4 
a a 
” e ‘ 
pak) apna Sig Ae AW ane! leg —< 
te, v 
aS Hi ¥ Tere 
a . , is 
‘ 3 j . eae. Eervers, 1B | >" p Lege 
: : “ 
:* ee | ol? 
a hy i 
~ hey Ba ? ; 
J 7 te 
a 
i] e¢ #, 
Tey 
as 4 
z Tt? ’ ’ 
t Py 
- han hn oper yh ig -_ 
i 
<4. 
al 4 ein — & e 
Ten * ’ ans y ‘ 
* we + ‘ a 
" 7 her Th ‘ 
¢ ih -* * ae rity Fen, 1S, 
aa a ange ee 6 sate lp tere «Bly na) shapcan > hie tiemen jan = 
(ah, 484. twill y ‘i, > beh « 
° « fot ‘ 
Peo as it er Rie %\ ee aap g = oo 
oa NA dob ft a ‘ ; a 
«i heee 44% % ne Fe ck Aenean 
wy : oa ane ona di aati berets ae eee . : 
j . ee ‘pf 4 Ss: (Laren a4 
Lie ahagey ee rod a ay 
/ Ae aS f 
his 7 PAs ARO TS | ee 
m" ae ay, Me + come a Poe med ss eelenhiveed wes 
oor AOE LS e PRtA gy, tony 
¥ } ys actllans a 


asst nbada, nee 


y tet 
babi escent gna 


a any reqmny ry eine i 


Oye angly wd isha ahdesedsn 


Sie ee 


189 


See ean apse Ds eee 
Ts Lig ee poe 
VES CI) s Bias > Ome) ean | ied pe ‘ 

N& BLES Y Dit! GROUPE SONT 

4 Ask ey j bass BAe ee Sie a ae 5 eS La P@ORIE SEG 
[= 8 LES Y Di) GROUPE SONY 
| Lon) a, ia A 3,8 u,? 3,5 Sif 3,5 
incweoo LES Y Ol GROUPE. SUMinia.mcmeiie ame a = i Seeecrren’ ares a Sabi. 7 
| Sieil TeE5 Lr) aN 3,6 3,4 3,2 3,9 
GROUPE NUMERA 4 MOYENNES 40 as FCARTeTYpDES 3509 
GROIPE NUMER OD MOYENNES 3,914 ECAQRT@e TYPES 478 
GROUPE INUMERO ~t— ——_MOVENNES — 35291 . ECARTSTYRES seed 
! MOYENNE GENERALES 3,46 
| F 
; ALPHA( 1) 2,280 
| ALPHA( 2)z e451 
p AURHAT 335 PT ; rer 
| . 
INS 8 LES RESINUS BU GROUPE SONT 
eS Bini 10.78 4168 2 USe ePebis . siyeed =, 482 1368 
INS 8B LES RESTOUS Nl GROUPE SONT 
| °, 14a .216 »166 2,154 1,016 & 464 ©, 194 7 ,uud 
i 
Nemenmaa eo ae OG LOLTS OU: GR Lee OCI iii M RMIT SRT CT rere ee 
ort 6219 2249 ©,231 6269 07.9 =, 141 o,27t 
| eam z Fe LS “SOURCE Bs) 1 POE ee OPW CT ae Fee ooh ae ae) 


ROKR EAR REEMA RAH EME RRR ARE AAA RAAT RAHM RARER ARERR HE AKRAM RR 


NTRE LES 490BE¢ 2 DU5UE¢ 92u 
| ENTRE LE .24908E 401 2 s12454E¢OL 6,92 
1 ee ae, a = 7 & = fo 

ERREUR 377726404 24 1798 7E +00 


| ARMADA ECAR EOE EAM RENE M ARATE MEA RARER AKER ERR AAR ERA RIR RH 
TOTAL s62681E +01 a3 


LA VALEUR CALCULEFE DFE PHI EST eR ae ie eee 
FE CAR L"HYPOTHESE HO EST RFJETEE AVEC COMME FFF 3,4668 


ICALCUL MES CONTRASTES DE SCHEF 
\ ek 


RICO lis AL PRI, Li). © \ogipeusic OC mn sco CD entrar n nT 


ALPH( 3) © ALPH( 1) & C ©, 44%, 26671) 
MEP CSS) ssi PHC 2) 3 Cet 1809s Bea 


sf] 


q 
ss ll pag ee Ae Py 
-~ 
: 
a 
y Saf . 
re... 
' 1 i 
a a 
are 
re 
mrteer 
eA fee 
. Fit? 
a ‘Tata 
* } : 
' re avy fe ties once wade 
rd "7 tied 
' { 5 
in ‘eA ; t 
cd dhe <4 75 4408 . 
is 
a. 71 
kel * ~ "1 ' : tens; ee Ne 
' +, hememantp—ape 7 ta ee oe we: Pa 
hie (So) ee ( 
. és Z y . | | 


t . 


? il 
2400 3% 4 ee vig J diy 


_ 


See pay k et Gee a ie 
i 
RESANMCIQS: G8 Tia Deeks 1 ip) 7 4 ae a4 spare 
N= 8 (ES Y Dit GRNUPE SONT 
rE ASME MO (EN ts UA CI Ss SB ee eri ie Bure eA prereeeAE S ersle SOO 
NZ 7 LES Y Di! GROUPE SONT 
2079,1 3048.2 {962.8 2200,9 2192,3 2735,9 2873,5 
aR Les SY? DM CRC tS ING Team ina gs ao rant oe SM RET er Pate ia ca Saas 


i 2896 2412 1S 21S 2228, qj 3085,3 2706,7 Deas, C 3265,8 


IGROUPE KUMEPD j MOYENNES rap a FCAPTeTYPFS 442,509 
IGRNUPE KUMERA > MOYENNES 938,957 ECAKToTYPFS  U3o.20! 
PCHOURE NEM E RN 3 “WOVYENNES 2782,125  ECARTeTYPES 337,517 a 


MOVENNE GENERALES 2486,u43 


eee 

1 

N= BLES PESTOUS OU Cer SONT 

Pies G12 8 7Fb (RB sed Oe dso. elo1 Ole e604 Sie  s66 4t2 145,588 805,788 plan 

N= 7 LES KESTONUS Dil GROUPE SONT 

©359,857 609,243 476,157 238,057 #246,657 276,903 434,543 
Bemerrcrs KESTINs Cl GROUPE. SUNN Jc. com Wt ete eT Gi atau | 
10R, 675 =249,625 wi225 e553,825  SOsst75) | a7suues 103,778 483,675 
ae z j om SSOURCEME 535 de DL Ss IGE? 
REE ERAEARERE REN HRERAERAARKEKAAMERARAAR EAHA HR RRMARK AY 

ENTRE LES ele2319b +07 r 1 61593E 406 Se Di 
GROUPES 
ERREUR oe S2786E407 20 »16393E%06 


KHAEKK URE AERARARERAR REAR HH AMR ERA RAE EERE AAR AAA ERK RAR EKA ARAR HRS 


TOTAL e451 04E407 22 


LA VALENR CALCULFF PE PHI ES 1,583 


— 


le ALCUL RES CONTRASTES DE SCHEFFE CAP L"HYPOTHESE HO EST REJETEF AVEC COMME FFF 3.4928 


ALPH( 3) ® ALPH( 4) = ( $4,7551,1084,8699) 
pee AL BMC pis Leohe, BOGpy LAT TR ONd ONE ee 


ap 

| 

i 

i] 
| 
\ 
| 
\ 
i 


ft 
XO 


‘ 
: Pu Laws. 
~ : 
P les 
bee 
4 ay 
nt 
| oy Rar 
On 
Ware 6 
. Aa 
ra y | 


f oa.set) aptlllegh sicy eel na De 
° « had ¥ a hy ae : 7 
POF AEA ; Cr . iy 
ew ° Pet th ee Te oo , rae ae ia at 
. 6 ee ie s ue 


: vreee en » toed 
af) hae 


i 


ra ” "S604 eet 


Se a ae aE EH ee eed BE ee ae PE SE es LA cn ee oe 
eae 4 i ; 
CES NCiS« Ac? & viet rae A Gee peas ai ae So =: ce er ae 
N= BLES Y Dit GROUPE SCNT 
pemeoO e OMS fe ORME Yes PPA Seed 29R},7 1855 ,8 2216,4 
N©= 7 LES Y Pll GROUPE SONT : 
?246,2 2550s L7o7 2105,9 1916,7 29u7,2 2604,8 
Neeser s Y (Dl GREE SONY mn 3) os ete AOS een ky ae ew. 7 re 
eu7o,6 3N60,0 2607, 2t21,6 3810,4 “4020, & 3118,9 3494,3 
ee 
'GROVWPE NUMERO 4 MOVENNE& O3N7T, 688 FCARTeTYPFES 409,699 
IGROUPE NUFERA 2 MOYENNE® 93%38,586 FCAPTeTYPES “ud,9RF 
GROUPE NUMERO 37 ~~ MOYENNES 2962,600 ECART*TYPE2 549,366 


MOYENNE ee 2958,800 


S1O0US DY sate ae SANT 
RY Ghd Sees S RGR la eet O 615 9151 ea 634,013 0491, °87 131,287 =n 
NUS Dy GROVPE SONT 
3,314 e541,57h =232,686 U2), 886 608,614 466,234 
DUIS HIT GRNUPE STINT 
7,400 355,200 841,000 847,800 58,090 156,300 526,700 
Paw ae Tw SOURCE = ess a Cite a ws” oh ae hea a 


RRA AAR HKAEARAHAR ARRAS EH MEARE ARAARERARH EKER KKERREKHEHHARKRKAR 


ENTRE LES s20004E 07 2 510002E4+07 4,492 
GROUPES 
ERREUR e44529E407 20 see2ouE ros 


RAKAKRERKRYREAHALATRAHR ESA ARR PHRAAREALHAHAARKAAKARAERAKARKAEEKRR RHR 


TOTAL eb4533E407 22 
A VALEUR CALCIILEE De PHI EST 1,73! 
a 
CALCUL DES CONTRASTES DE SCHEFFE CAR L"HYPOTHESE HO EST REJETEE AVEC COMME FFF 3,4928 
ee Be Tee e = 


| 
| 
PRUPRT 23 Ph eC ULLAL ah Cio es) 0 = ne i.) at Si ite ales = skeet 


ALPH( 3) @ ALPH( 1) 8 ( #8, 6481-41238,4731) 
EUR ele ie ad a ae a a AS ah 2 aa) 


E 


S 


one 


sbas 
- i 
ys 
nt 
- phi4 
9 é 
<> 
: 
if 1e% J 
"sn eat 
ff . oe 
4 . ‘ph 
x iD Eee 
‘ 
“ 
‘ 4 as a 
es re . rake 
’ Ved 5 
. 
7 
f 
a iT 
. +) tha ea Pow) see —* i kos s2ubs ae 
’ ottch bd : 
7 
be 
1 
ne 4 
a Ay “ * 
2 
7 
phe ene ——— 


Srpiyr se «- ee ee rs 


T= 3 
| as ORS Re a i rer Oy oe me rarer 
INS R LCES Y Diu GROALOCE SONT 
WOON IRL on JA Oy 2485,5 1431,9 2178,9 2{47,4 1653,5 : 
iINZ BLES Y DY GRIPE SONT 
b 2820,2 20?0,2 2001,5 1728,8 1846,3 1374,8 2087.5 2608,7 
Ihe ROLES ¥ Dh a SANT 7 a mee as a ny ok i nye Spe 7 y ia = 
| 2UR6,6 PLT Tie o5cs, 6 2605,4 2963,9 3589,4 2552.2 3226,5 

iGROUPE NUMERO 4 MOYENNES 190,638 FCARYaTYPES 387,099 

(GROUPE NUMER 9] MOVENMNE S 941,090 FCART@TYPF a 349, 4HY 

IGROEPE NUKERG MOYEN NE Ss 769,575  €CART@=TYPES US8,2377 ro Ta a 
| MOYENNE GENERALE 2210,404 
H 
SS —— 
| ALPHA $2 e209, 767 

ALPHA( P)2 ePUI,UOY - a me Seine 

“ACPHAC 3)e So9si7i 
ee BLES RESTCUS DU GROUPE SANT 
Petes. 96), 957 .59', 257 AARON CA Sr ee e6s  ieb6, ThS. S41 gi 7... 
INS R LES RESTOINIS OU GROUPE SANT 
| 59 700 59,200 40,590 #©232,200 «414,700 586,200 126,500 647,709 
byes——R TES RESTONS DIT GROUPE SitTy oy Pree Tea : 
| ©222,975 =592,575 ©213,975 =164,175 194,325 819,825 217,375 456,925 

; “SOURTE 5S OL aii lea eae Sat a ey a 


RRAMRERHAEARKE RARE WKH AM RARERRHARORRAE RARER EKER RAREREARERERRARS 


{1.723 


— 
DES CONTRASTES DE SCKEFFE CAR L"HYPOTHESE HO FST REJETEE AVEC COMME FFF 


ICALCI 


ENTRE LES e37TOGHE +07 A 21 B8S3E407 
GROUPES 
ERREUR a S3737E+O7 21 21 6065E406 


TOTAL 


2k WARE SCO EEE Oe PML EST eee, 


eTI403E907 


25 


HRARKE KE RAR RARER E RE CERN A EERE MARR ARA DAERAH AAA AAR RARER RRER RE 


3,4668 


ALPH( 3) 
APH es) 


Cee i Sat 
ALPK( 2p) = ( 2RO 


> AL PHO 


233R,1396,54912) 
BF Ug SRG POT ove rn re pprereinnnentree ns oe near 


a 


— 


PA. 


= s 
. 
‘es * 
a ‘a « aie ’ - <« ~ _ 
— — aes. See 
ie 
* - 
ve«¢ 
“as < 
‘ 
uty 5 
AT ha A IT 4 
H Beh, @a% 
iG bas : x 
LW SENN 
ul th i - 
b | sys ‘ ae at te 
nif 
‘ 
% iss avy ee Fen a> 
¢ ’ ’ Tis 
* rs “ 


ay we i Who GEES . 


i Te , . 7 ire heat Rhee Beat tee 
* 


Per? Te. 


= Paty cn » peels 
r 
5 


= — — age —eslraabatee = ot socal ange 


+P ~ - hae ees 
, Ne whe Se PU . 


Cab tay 


Seen 


Me ary 


Ree ae 
(I)s 7 Fil). cee liad 
N= 7 LES Y Dil GROUPE SONT 
eGR Cs SOA OE eS R06 soe See Nese SABE Ie 19242 
N= 86 LES Y DU GROUPE SONT 5 
Chih KS) 392,53 Less at 393,f BAGS 178,8 366,7 490,4 
N38 LES Y Dir GROUPE SONY an as kinins iam pacar Laas 
4o4,9 490, o11,6 682,0 515,85 457,0 447.6 342,34 
GROUPE NUMERD \ MOYENNES uok,34 FOARTTYPFe 121,250 
GROUPE NUMVERA 2 MOYENNE S Soe, 38 FCART@TYPES 94,449 
GROUPE NUSEPO ~$—_ “OYENNE Ss 505,200. KCART<YYPEs 103,644 —- 
MOYENNE GENESALE® 420,048 
ALPHA( {)8 mii 05 
SALPHA( 2)2 963,660 
ALPHA( 3)s 719,152 - 
N= 7 LES RESTONS NU GROUPE SONT 
pe De, Boye @ Siw, MBs eNO) See NG, Saver SOL Ise eee MES, ero Uae ig) is 
= BLES FESID'US OU GROUPE SONT 
wR, TAT 20, Shes See 71S 31,413 22.013 183,588 4,333 128,013 
Neve Ne tion NESS Duloe Dinls CoN ClU em cS ioKtuntar mr tarot enna ern 
-19,300 =14,800 106,400 176,800 10,690 #B,200 ©57,600 «362,900 
TRY ae arity ao ‘ eh j “SOURCE vcs its) ie a ng 9) (OS = MSa ae Ei nae 
FREAK RMARARNATHERNRKARHTE REESE ARHKKAKAAAREKHHEAKEAR AMAR ARR KR ARS 
ENTRE LES 847366405 2 e42368E905 3.752 
GROUPES 
ERREUR 222S85E4+06 20 elle%2E +05 
HMKRAREARERAAAKAAAAR RAE KER AS TARAS AAA RAA RARER AAA ARE RE RRA KAA 
TOTAL o31058E+06 22 
as VAD RIR: GALGULEE DE: PME Gore Shee 


CALCUL NES CONTRASTES DE SCHEFFE CAR L"HYPOTHESE 40 EST REJETEE AVEC COMME FFF 3,4928 


| 


[PRU oy) = ALPHU f) © (TOT S164, FI,F05T) 


( 48,5039, 242.2182) 


ALPH( 3) © ALPH( 1) 
AONE (OS) ) hmstmsA NIE NB) BIO Cc 2 ONCOMING) Te eee kk A ee 


2] 


4 ay i 
ie pes 
SS w al 
= A 
i - 35 7 
7 
bis 
a6 ' 
x — : 
. ’ j i) 
* : Sr 
un ihe 
Se 
we Se AP een 
ip 
¢¢ beth 
; hy 
=~ | 4 
, 
i ; 
¢ 7 iets wy “ded 
al 
7 : ’ Le os yer eneet thw eee hea ge eee 
ih «> ; Fins Lane aGy 
‘ @ a , . 5 64 
. ¥ ODS ICD Pats an 
i . tlhe 
fe i eee wap ARES Sees rhe bate 
; ' ‘vs Pak! 
AG fete A RE 1A wie 
“rT é a , 
; bp eee 
Aes Ay Tr 7s 
7 + a eee pl Spy. bg J i ; Pe; or ca 
j : pas ich, SITES S Pie icash to ese hi 
— ; ot ees snl te Se aaa esq h eer og as a ™ ‘i j 
- : ; ® how ; : oar. = we te 
AJ : } oy (3h ane 34.4 FELON, - ua Pious ‘ ] Pl ant 
' : AP hee! Po Pe el ee Oem eS 
ol an pre-e! ? rivy tay*t eae ‘f : ‘ m4 : 
| on nie 
tomy re - — . a rifige tt eee aes 


pre 


194 


LDH 


ne 3 
ERR TSG) er EO Re rh. Te err een En Tae aS oe Tore 
N= 7 LES Y Di GROUPE SOKT / 
oo RRS TER BR i oO eee Kc) a $EO GS nmen ne A os rete ee een mt A 
NS 8 LES Y DU GROUPE SONT 
254,90 3912.45 DT Bird Aol 328,44 V6.7 282,90 430,5 
Ne SR ICES VY OO GROUSE SORT. ; : ig ie 2 nie, rte Sen 
454,5 4243,7 S38 4 50S,8 465,2 408.0 355.8 297,2 
GROUPE NUMERO 4 MOYENNES 350,990 ECARTSCTYPFS 90,987 
IGROUPF ONUNERO 2  AYENNE Se 415,338 ECART@TYDES 92,6351 
GROUPE NIHE RQ % MOVENNE so oO SheOy a. ECARTSTYPES 78, 369 i 7 


MOYENNE GENERALES 366,417 


RESTDNS OU GROUPE SONY 


Eames) = SES ROO tS 008) BA 590 40,700 =57,000 ={6!,600 
N= 8 LES RESTDUS DU GROUPE SONT 
TON Ls 7 76,965 62,4565 sare 13,063 ©178,638 233,337 $15,163 
= Nite mR cCo nO Win alia NOU Roca) tii ERs PTA ime e So St tT. rs ec ee 
23,425 27,375 LO ses Ta t25 34,125 #235075 75,275 133,875 
Ti cate oceania 2 ‘i Fiar SOURCE SS. G (Ble aioe onan 


CHEE ARERR KARRATHA ARR AP RRA ARERRAHRRREKR ARERR ANA 


ENTRE LES eSO00GE+OS 2 «28002E 405 3,667 
GROUPES 
ERREUR e{5273E4+06 20 2 T6O3S64E4+04 


THRIRAKAARRAENEE EKA KER ASHE THARAAAERARKR ED AEH ARH RR AH AR ALAKAAK 


TOTAL e20873E406 22 
Un ed On ee eee Cee ON eee eae 
f 
jCALCUL DES COMT@ASTES NE SCHEFFE CAR L"NYPOTHESF HO EST REJFTEE AVEC COMME FFF 3,4928 


[ 
: . 
ey Pre oeTs a UENET TIER aIeS SOUR CROCUS n ee 


ALPH( 3) © ALPH(C 3) = ( ©39,3609, 199,7109) 
| ALPH( 3) 2 ALPHC 2) 3 (  25UR) 23,2202) £ Pg Pea ee O, S8 Le 


| (ta) 


an 2s 


| 


Hy ee 
SE 


a a 1) i -_ 7 " = 
J i + a: 
| eae } a 
4 [ ‘1 | f : 
( ‘ ‘ 
“A 2, 
j 
= 
a be Salone = be - ae bd jt ie ‘ t 
‘ H -~ 
\ : 
; ; ik 
. we 
ay a 
“08 
j 4¢ 
js ] 
id AS 
BU | ida 
aa he 
P| ‘ a g 4 : J ates 
FAs ytar Sy Per de ae 
eres 
oi i 
Ant Ak 
w 
vwew aba 
- 
‘ [ Xa 
; F : sin.) 
reise ‘ » hie $2002 | 
7 a AR: =) eae 
. Deak. Sy 
Pa ba ‘ indedhoe ees) * ty 4 Ov. euenae ‘ 
7 2 : ’ bg Z 
aks 
st CV rerhrrsy 
Seige o~ age | ee 
8 
« . fen =) ie 


- ’ ; 


_ Ps bee ae ada tal, acta Ry gota g dig 


‘be 


ed a ee Uae 


ot oe rn " ae 
T a we eae =—pe 
7? ia Pee Ta rere 


Eee Berea eae ein tO 5 8 Se «Re ee Eee ee 
Ba 3 4 
EESINGU) a0 (60 * i oeras =e eS +i realy as: ak ane 
N= 8 LES Y DI) GROIIPE SONT / 3 
paste __ 859.4 u 69,8 8.0 60,5 71,5 set i 
N= 7 LES Y Dt! GROUPE SONT 
1$53,4 ts 81,3 54,8 S6,4 88,7 66,5 
N56 LES Y Dit GROUPE SONY Patiee < metas areas a 
VOR ee 33,5 °46,7 RO,4 77,9 40.9 
GROUPE NUMFPA § MOYENNES 8,263 FCART#TYPFS 58,478 
GPouePF NUS ERO -§ VOAYERNES RO, 343 FCART@TYPES 34,612 
GROUPE NIE RQ” J“ HOYENNE S u8,200 ECARYoTYPEs SO yais ce Sane 
MOYENNE GENEPALES 43,700 
ALPHA 1)s = 35,438 
ALPHA( 2)a 36.645 
PALER ACs = 6 eo,500 Sy Vinca ; 
i 
N= §& LES RESINUS DU GROUPE SQONT 
Peete eS wtb 463 OT 669 Je SS ae e655) 32 e368. 63,238 255438 sett nl 2a 
N= 7 LES RESTNUS OM GROUPE SONT 
TALUS? Stal bus Bes | 225,543 e245, 943 8,357 e1{9,84%5 
NEG LES RESTOUS DI GRONPE Su 
55,000 #{4,700 =94,900 42,200 29,700 ©7390 
if 
1 eae 2 aE rare a 7 ica S OUR GES tmnt sao S: ‘ Cis Saat Pe ip eae t AMES Pe 
RRA REE AER RRM RARERRADAE TAHA RAMARAKERARRARKAERRAER KA RRKERRER ER 
ENTRE LES e19567E S05 2 2O7K35E404 3,884 
; GROUP 
ERREUR e4S345E905 14 e2OIIZESO4 
eae KARR HEATH RRR TR AR KERMA ARR ADH EAR AREA AKAD HROREK AREA AR AR ARAM RO 
TOTAL eb4912E 405 20 
LA VALEUR CALCULFF ME PHT EST {1,699 
pe Beesdn! 
CALCUL MES COMTRASTES DE SCREFFE CAR L"HYPOTHESE HO EST REJETEE AVEC COMME FFF 3,556 


PERCENT Oye ALPRC Lae ert | eo toe Tek, SaaS ner wee? 


ALPH( 3) © ALPH( 1) 2 € ©32,3362, 112.2112) ; 
NAshew fies ALP 8) whe Ge Sonne 08 Cuong i een, Bes Le Te eas Ee 


re ee ty the pad gpa eer e en eee eee 


are ial 7 ae 
Serer ae sinh es ee 


Pa’ gO RG 


ve Pa ny 
+ 


rr 
te 
i 
® 
fu 
& 


‘~~ 
>» 

~ 

4 


a vs a4? Ne a 


> 
ve 


’ ‘Ps : ; f : ote ey eee 


cyte b 


» % " i , ra . 


40 +o@ 456d) be HO tr ew eee ere e@peae HOR CE @ ’ SP PHAR eA ORDA SOO eS 


a . “ - o . ths ne . a ~ toey - 


pen whe Pry OPH, * ball" ores Hest s 


doe 759 025 at ee ie x 

04s 4ok) PODER A PE OE he 2k ON ee os ere Oe) sete ehso p49 eo) Saeed : 

irik ae ret -eeee! LAA ae yh é ~— =e the me ite Mate ot 
x ‘ 
Hs e6e.% c 

. 

re . ‘ pido - woes 

i - iS) 

Ps 4 190d OR Se ~* mm 0 =~ = ‘yah . a 


ay 


AED Gf ee LL 2 i kd 


eg Hee es i hes a: tel ; 
A . ay! 


1 “ : : ; 
gpa «eed rv 


a nema 0 ve at ol . * 


Cpr Sphyty 


a err ‘ * a ak AY One . 


APPENDIX E 


ORGAN COMPARISONS FOR EACH DEPENDANT VARIABLE 
ON COMBINED DATA FROM ALL TRAINING GROUPS: 
ONE WAY ANALYSES OF VARIANCE AND OTHER 


RELATED STATISTICS 


196 


ae a 


ree yyel 


I 7 
NT AMT 


Vie Ses BAN we boss on nie . 


: PoLT 


jae HOA AOS esa 


wi 
ay 
a) 
ih 
~ 
~ 
rs 


“— io. 


wey el i ; 


ca wage ta cls 


r 


This appendix contains organ comparisons: 


analysis of variance and Scheffé's contrasts. The computer 


print-outs appear in the following order: 


ke 


\O° OO SS). CON (hv Nr 


a 
Kb Oo 


4 
13: 


Wrel 
ATP 


PC 
AEP ee 
CPK 


LDH, ,/ LDH, 
M-LDH 
H-LDH 
TOTAL LDH 


Legend for the computer print outs: 


Group No. Organ 
if TA 
Ze P 
3 GM 
Ly GL 
5 Ss) 
6 H 
ry L 
Moyenne = Mean As, 
Ecart-type =) “standard deviation 


For the Scheffé's contrasts (alpha (j) - alpha (i)), 


one way 


197 


two positive (or negative) limits of the confidence interval 
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APPENDIX F 


TRAINING GROUP AND ORGAN COMPARISONS 
FOR EACH DEPENDANT VARIABLE: 
TWO WAY ANALYSES OF VARIANCE 


AND OTHER RELATED STATISTICS 
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This appendix contains the two by two factors analysis 
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